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Multi Media Evaluation 

I. Introduction 

Viscon is an additive for diesel fuel which is being proposed as a strategy for reducing 
PM and NOx emissions for diesel engines. The active component of Viscon is an ultra 
high molecular weight polyisobutylene (UHMWPIB) polymer. It is combined with 
CARB diesel at 1 part polymer to 99 parts diesel. Viscon is used at less than 5 ppm 
UHMWPIB to the end use CARB diesel. UHMWPIB is a non-toxic, colorless, tasteless, 
odorless food grade hydrocarbon polymer, which is insoluble in water. Lower molecular 
weight PIB is a component in PIB amine keep-clean additives for gasoline. UHMWPIB 
has been used as a method for controlling releases of diesel fuel, approved for use in 
California. The use of Viseon as an additive to CARB diesel creates no additional risks 
to the environmental or to human health when compared to unmodified CARB diesel. 
The use of Viscon as an additive to diesel fuel can result in a significant reduction in PM 
and NOx emissions from diesel engines with no significant risk to the air, water and soil 
environments. 

Visean should be considered by California regulatory authorities as posing no significant 
risk to human health or to the environment. 

II. Executive Summary 

II-A. Summary ofregulatory approvals. 

Viscon is exempt from the US EPA's requirement for registration of fuel additives under 
49CFR Part 79 Subpart A Section 79.2 (e), since it is comprised of only hydrogen and 
carbon. 

No other regulatory regimes under which Viscon may be required to be approved have 
been identified, either u.s. or international. 

II-B. Background information on Viscon. 

Viscon is an additive for diesel fuel. It is used at a dose level in diesel fuel of about 500 
ppm. Viscon is comprised of 1 part UHMWPIB and 99 parts CARB diesel. UHMWPIB 
is the active component in Viscon. It has an average molecular weight of about 7 million 
Daltons. Its chemical formula is C4H8. UHMWPIB is a food grade material (see 
Attachment 1, Food-Contact Applications). 
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II-C. Manufacturing, Transportation and Storage ofFuel and Components 

Viscon is manufactured in Bakersfield, California at Las Palmas Oil and Dehydration. 
The active component of Viscon, UHMWPIB (Attachment 2, BASF's Oppanol 
Polyisobutylenes) is a tough rubber solid which is delivered to the site and stored in a 
clean dry enclosed room in 44 pound polyethylene bags. 

The manufacturing process begins by granulating the UHMWPIB to a specific size. 
Refer to Attachment 3, Viscon Production Flow for a complete schematic of the 
production steps. CARB diesel fuel is used to dissolve the UHMWPIB. The CARB 
diesel fuel is pre-heated to 180-185° F using a low-emissions boiler and transferred to a 
specially designed insulated column holding 770 gallons of fuel. The granulated 
HHMWPIB is then combined with the diesel. The UHMWPIB is slowly added to the top 
of the column, dissolved and continually mixed for 12 hours. There is no reactive 
chemistry involved. The finished product is transferred via pipeline to bulk holding tanks 
for eventual transfer to shipment vessel(s). The type of shipment vessel varies 
depending on customer requirements. Tanker trucks, totes, and 55-gallon drums are 
typical containers that are transported to customers. All liquid production areas are diked 
in accordance with EPA/California regulations. 

Viscon is added to diesel fuel at the customer's site using equipment customarily used in 
their business. It is stored on the customer's site in storage tanks customarily used for 
storage of diesel fuel additives and petroleum products. Attachment 4, Customer-Site 
Storage provides examples of storage containers. All precautions norinally taken for 
storage of diesel fuel are followed for Visean storage. 

II-:-D. Historical Use of Viscon's Active Component 

Lower molecular weight PIB is used in a large part of gasoline consumed in the United 
States. It is a component in one category of keep-clean additive, PIB amines, required by 
State and Federal regulations. Also refer to Attacllffient 2, BASF's Oppanol other uses of 
PIB. 

II-E. Information Necessary fOT Risk Assessment 

Viscon is 1 part UHMWPIB and 99 parts CARB diesel. The diesel fuel used in Viseon 
poses the same risk as diesel fuel used in other applications. UHMW PIB is a solid 
rubber before it is added to its diesel fuel carrier. UHMWPIB does not change the 
chemistry of CARB diesel and does not add to its toxicity. UHMWPIB is colorless, 
virtually tasteless and odor free. UHMWPIB is insoluble in water. UHMWPIB does 
change the physical properties of the CARB diesel in which it is blended. The Viscon 
additive is highly viscous. Refer to Attachment 5, Viscosity Measurements for Viseon 
viscosity test results. Viscon also has restricted mobility in soil and in water when 
compared to diesel fuel. A similar combination of UHMWPIB and hydrocarbon liquids 
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was used as a method for controlling and collecting oil spills. UHMWPIB inhibits 
dispersion of the base petroleum liquid in water and can be used to immobilize a spill on 
land. The environmental product was called Elastol and was licensed (see Attachment 6, 
Issuance of License for Oil Spill Clean-Up Agent) by the State Water Resources Control 
Board for use on oil spills in California. 

The amount of UHMWPIB added to the final diesel product, less than 5 ppm, has only a 
minor effect on the physical properties of diesel fuel at rest. However, it does have a 
significant effect on the physical properties of diesel under dynamic conditions. One well 
known example is the use of this polymer at similar concentrations as a drag reduction 
additive in pipelines. This phenomenon is viscoelasticity, an immediate and temporary 
increase in viscosity when the fluid is put under shear stress (see Attachment 7, 
Extensional Viscosity) 

The anticipated use of Viscon in California is in CARB diesel. There would be no 
significant change in the physical, chemical or toxic properties of CARB diesel in 
handling, transport and storage caused by addition of less than 5 ppm of UHMWPIB with 
the exception of changes to CARB diesel's physical properties under conditions of shear 
stress. 

III. Risk Assessment 

III-A. CARR Diesel Containing 5 ppm Viscon 

A risk assessment of CARB diesel treated with Viscon at the effective dose level, about 5 
ppm UHMWPIB, would be the same as for CARB diesel without the additive, with the 
exception of risks associated with diesel exhaust emissions. The purpose for adding 
Viscon to CARB diesel is to reduce emissions of PM, NOx, HC, and CO. The results of 
tests conducted under CARB protocols to assess the potential benefit of Viscon as a 
strategy for reducing harmful exhaust emissions from diesel engines is attached. This 
testing includes data related to the effect of Viscon treatment on toxic emissions (see 
Attachment 8, CARB-Protocol Emissions Test Results). 

A risk analysis of CARB diesel treated witll Viscon for potential environmental and 
resource impacts that may result from likely release scenarios would be the same as a risk 
analysis of untreated CARB diesel. There are no additional risks created by addition of 
about 5 ppm of UHMWPIB to CARB diesel. UHMWPIB is a non toxic polymer which 
is insoluble in water. It is dissolved at 1 part UHMWPIB to 99 parts CARB diesel to 
produce Viscon. UHMWPIB is a pure hydrocarbon, food grade substance. 

UHMWPIB does not change the chemical properties of CARB diesel nor does the 
concentration of UHMWPIB used in treating CARB diesel change CARB diesel's 
physical properties at rest. It does change the physical properties of CARB diesel under 
conditions of shear stress, causing an immediate and temporary increase in CARB 
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diesel's viscosity. The increase in CARB diesel's viscosity could reduce vapor loss from 
a release under certain conditions and could restrict travel of the fuel in soil and 
dispersion in water. These conclusions are based upon work done with the same polymer 
as an environmental technology used to reduce the risk of spills' of liquid hydrocarbons. 

III-B. The Viscon Additive. 

The Viscon fuel additive is comprised of 1 part UHWPIB and 99 parts CARB diesel. 
The risk of a potential environmental or resource impact resulting from a release of 
Viscon is significantly less than from a release of CARB diesel. Viscon is highly 
viscous.. The viscosity of Viscon increases further when put under conditions of shear 
stress. Penetration of Viscon in soil and transport in soil are minimal when compared to 
CARB diesel. Viscon does not disperse in water, and maintains its integrity on the 
surface of water. 

UHMWPIB has been used as a method for reducing the hazard from releases of 
hydrocarbon liquids. The product was called Elastol Elastol was used as a fine powder 
which dissolved in a spill to fonn a substance similar to Viseon. Refer to Attachments 9, 
10, & 11, Oil Spill Recovery Using Elastol, Reports 1-3. A laboratory investigation of the 
properties of Elastol in solution was carried out at BASF (see Attachment 12, Toxicity 
and Soil Penetration). UHMWPIB was also used as a 1% solution in a hydrocarbon 
liquid to restrict the spread, dispersion and emulsion of heavy oil. 

Toxicity tests on Elastol were carried out by U.S. Testing Labs in New Jersey (see 
Attachment 13, Oil Dispersant Toxicity Test). Abalone Larval Development Short Term 
Toxicity tests were carried out in California to support a request for a license to use 
Elastol in California. Data from the abalone test is missing from company files, however 
a memorandum explaining the results of the test is Attachment 14, Abalone Larval 
Development Test - Memorandum. The State Water Resources Control Board issued the 
license on May 1, 1992 (see Attachment 6, Issuance of License for Oil Spill Clean-Up 
Agent). The UHMWPIB used in the Elastol product is the same as the active component 
of Viscon. 

III-C Release Scenarios 

III-C.I CARD diesel treated with Viscon 

The release scenarios for Viscon treated CARB diesel are the same as for CARB diesel. 
Viscon is added to CARB diesel at a fuel distributor's site or a user's site. Once added to 
CARB diesel the Visean treated fuel follows the same pathway as the CARB diesel 
would normally follow. As noted above any release occurring during the storage, 
transportation and transfer of Viseon treated CARB diesel would have the same risk 
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factors as for neat CARB diesel, except to the extent that added viscosity under 
conditions of shear stress may help mitigate the hazard from such a release. 

III-ee2 Viscon Additive 

Viscon is produced at GTAT California's facility in Bakersfield, California. The 
production facility has several dissolving units each with a capacity of 770 gallons. 
Dissolving units and storage tanks for Viscon are contained within diked areas in 
accordance with US EPA and California regulations for facilities storing quantities of 
diesel fuel. Any accident resulting in a tank rupture or valve failure would be limited to 
the diked area. Vapor release to the air would be somewhat less than from a release of an 
equal amount of CARB diesel. The addition of the UHMWPIB to diesel limits its ability 
to penetrate the ground and the walls of the dike. Recovery is enhanced by the 
viscoelastic properties of the liquid (see Attachment 12, Toxicity and Soil Penetration). 

Viseon is transported to the customer via tanker trucks, totes, and 55-gallon drums. A 
release resulting from an accident during transportation would have limited mobility on 
the ground and could easily be controlled by standard spill containment equipment. 
Runoff of a spill of Viscon into an adjacent waterway would be inhibited by product 
viscosity, resulting in a significantly reduced hazard when compared to a spill of diesel 
fueL 

In the event that a Viscon release found its way into a creek or river the spill would have 
limited ability to spread on the surface and there would be no dispersion into the body of 
water. Standard oil spill booms could contain the spill and the effectiveness of recovery 
equipment would be significantly enhanced compared to its use with a diesel spill (see 
Attachments 9, 10, 11, Oil Spill Recovery Using Elastol, Reportsl-3, and Attachment 12, 
Toxicity and Soil Penetration). 

It is not anticipated that Viscon would be stored in underground storage tanks. However, 
if Viseon is stored underground and there is a breach in the tank due to a catastrophic 
event, or slow leakage or spillage around the fill port of the tank the spilled liquid would 
have minor mobility in the soil. 

Potential air releases in manufacture of Viscon occur from the handling and storage of the 
CARB diesel which comprises 99% of the final product. The Viscon production facility 
is operated in accordance with all appropriate regulations governing the storage and 
handling of diesel fuel. The completed Visean product has significantly less potential for 
release of vapor to the air than CARB diesel. 

Air releases from Visean during transfers and accidental releases would be reduced when 
compared to CARB diesel. (Attachment 9) In addition, any release in transfers or 
accidents is more easily contained and removed than would be the case of a similar size 
release of CARB diesel reducing the time the spill is open to the environment. 
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III-D. Exposure Pathways 

III-D.I CARD diesel treated with Viseon 

The exposure pathways for CARB diesel treated with Viscon are the same as for CARB 
diesel, except to the extent that the addition of Viscon may reduce exposure as a result of 
increased viscosity under conditions of shear stress. 

The polymer molecules in the Visean treated CARB diesel are biodegradable like the fuel 
molecules. The pure hydrocarbon PIB molecules do not raise transformation issues when 
combined with CARB diesel. UHMWPIB is a non-toxic substance cleared for use in 
packaging exposed to food (see Attachment 1, Food-Contact Applications). Exposure to 
UHMWPIB does not raise chronic or acute exposure or other issues related to human 
exposure in any media (see Attachment 2, BASF's Oppanol- Polyisobutylenes). 

III-D.2 Viscon Additive 

The potential exposure pathways for Viscon in relation to both human and ecological 
receptors are reduced compared to those for CARB diesel. Viscon is used at a 
concentration of less than 500 ppm in CARB diesel. The volume of product which may 
be exposed to human or ecological receptors is 1/20th of 1% of CARB diesel volume, if it 
is assumed that all CARB diesel is treated with Viscon. The viscosity of Viscon is 57.97 
Centipoise (cP) at 1,800 reciprocal seconds (D(l/s)) at 90° F compared to 2.33 Centipoise 
(cP) at 1,800 reciprocal seconds (D(l/s) for CARB diesel. The higher viscosity of 
Viseon further limits the exposure pathways for human and ecological receptors when 
compared to neat CARB diesel because of reduced migration in soil, and reduced 
dispersion in water. Viscoelastic properties of Viscon, an immediate and temporary 
increase in viscosity under shear stress, further limit the spread of Viscon in an active 
water system such as a river or creek, where the action of the water causes the spill to 
consolidate and not break up and spread on the surface. The cohesiveness of Viscon also 
reduces potential pathways to human and ecological receptors because of the 
significantly increased capabilities of spill containment and recovery equipment to 
control and recover an accidental spill when compared to a spill of CARB diesel (see 
Attachment 9, Oil Spill Recovery Using Elastol, Reportsl-3 and Attachment 12, Toxicity 
and Soil Penetration). 

III-E. Risk Determination 

III-E.I Waste Management 

A release of CARB diesel treated with Viscon would respond to standard petroleum 
cleanup strategies and technologies the same as untreated CARB diesel. A release of 
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CARB diesel treated with Visean would be no harder or easier to cleanup than CARB 
diesel without Visean. 

The disposal of soils contaminated with CARB diesel treated with Viscon would be 
handled the same as soils contaminated with CARB diesel without Viscon. 

The only potential waste associated with the production of Viscon is product which does 
not meet product specification. This waste would be 99% CARB diesel and 1% PIB and 
would be handled in the same manner as CARB diesel contaminated with pure 
hydrocarbon substance. 

Discarded Viscon or CARB diesel treated with Viscon would be subject to the same 
disposal regulations as discarded CARB diesel. 

III-Ee2 RiskIBenefit Assessment 

There is no significant risk to human health or to the environment caused by the 
production, transportation, handling, storage or use of Visean as an additive to CARB 
diesel in addition to risk normally associated with the use of untreated CARB diesel. On 
the other hand, the use of Visean as an additive to CARB diesel could significantly 
reduce the impact on human health and the environment associated with the combustion 
of CARB diesel in diesel engines due to demonstrated reductions in exhaust emissions of 
NOx, PM, CO and He. 
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OCT 27 ' 00 05: 33PM BASF c6Rp 

BASF Corporation 

October 27, 2000 

GTA TechnologJes, Inc.. 
Attn. Jerry Trippe 
7400 Galferher Road 
Gainesville; VA 20156
 

Fax: 703 753 9476
 

RE; Op~ano" Ap"provafs for Food Contact 

Dear Jerry, 

BASF
 
~~. 

As per your r~quest, please find attached the requested information on Oppanol in contact with food. 

This is for informational purposes only. In case you intend to use a specific Cppanol grade in an application 
. with food contact, I will ask Product Stewardship to issue a statement covering thal particular grade.. 

If you have any questions or comments, p!ease' do not hesitate to call me at 973 426 2531.
 

UII Eichenauer 
Marketing Manager 

Attachment 

300"0 ContInental Drive - North, Mount Olive, New Jersey 07826-123.4 Tele.phona~ (913) 426..2600
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I 
I	 Food-Contact Applications 

II Oppanol fulfil the requirements of: 

I'	 • us- FDA 21 CFR 172.615 Chewi"ng gum bas-e 

,I 
II • American Food Chemical Codex of 1996 concerning 

chewing gum 
•	 German legislation regarding chewing gum 

I 
(' 

•	 US· FDA 21 CFR 175.105 Adhesives 
•	 'US FDA 21 CFR 175.125 Pressure-sensi.tives adhesives 
•	 US FDA 21 CFR 175.300 Resinous and polym. Coatings I 

I 
• US FDA 21 CFR 176.189 Component and paperboard in 

con~ct with dry food . 

I 
• US FDA 21 CFR 177.1420 Polyisobutene polymers 

(Oppanol B 100 and higher molar mass products) 
•	 US FDA 21 CFR 178~3'570 Lubricants with incictental 

food contact
I	 • US FDA 21 CFR 178.3910·Surtace lubricant used in the 

manufact·ure of metallic articles

I	 • German Health authorities recommendation on 

I
 
polyisobutene(Empfehlung XX, Polybuten, 167.
 
Mitteilung Bundesgesundheitsblatt 27~ 289, 1984)
 

•	 German regulation concerning use for toys or for 
consumer articles that come into contact with foodI (Lebensmittel-und Bedarfsgegenstandegesetz, 
Paragraph 5, No.1 and No 5)I 

I 
I 
I 
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I 1. Portfolio 

Oppa~products are dassified into two goups according to moIecUar weight: 

I MM-Oppanol: 

I
 
Medium molecular weight (Mv 40,000 - 85,(00)
 

HM-Oppanol:
 
High molecular weight (Mv 20,0000 - 4,000,000)
 

Products

I 
MM-Oppanol:
 
B 10 SFN, B 12 SFN, B 13 SFN, B 15 SFN


I HM-Oppanol:
 
B 30 SF. B 50. B 50 SF. BOO, B 100, B 150,8200
 

I 2. Chemical Nature 

I The Oppanol types consist of polyisobutytenes with different molar masses. They are 
mainly used in the production of adhesives. sealants, lubricants. coatings and chewing 
gum. 

3. Genera/InformationI 
I 

3.1. Properties 

Purity 

I Oppanol is pure potyisobutylene with an ash content of less than 100 ppm and a 
heavy metal content of less than 3 mglkg (except for iron < , 0 mglkg). 

I
 Food-Contact Applications
 

21 CFR 175.300 The Oppanol polymers fulfill the 
requirements of German legisJation Resinous and polymeric coatings 

I regarding chewing gum and the 
21 CFR 176.180 regulations concerning chewing gum 

I 
Components of paper and paperboard 

Chemical Codex of 1996 and FDA in contact with dry food 

Paragraph 21 CFR 172.615 -Chewing 

contained in the American Food 

t 
gum basel. 21 CFR 177.1420 

Polyisobutylene polymers (Oppanol B 
100 and products with a higher molar ~In addition the use of Oppanot products 
mass)is governed by the following FDA 

regulations: 

I 
21 CFR 178.3570 

21 em 175.105 Lubricants with incidental food contact 

Adhesives 

I 
21 CFR 178.3910 

21 CFR 175. 125 Surface lubricants used in the 
manufacture of metallic articles Pressure-sensitive adhesives 

I 
II_-=,"",

I 
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Appearance, Color, Odor 

Oppanot is virtually colorless and very 
tacky. Its tack decreases substantially 
with increasing molar mass. Dppanol is 
virtually tasteless and odor-free. 

Water Resistance 

Oppanol is fully resistant to water, 
including boiling water. It is completely 
insoluble in water. 

Permeability to Gases and 
Water Vapor 

Oppanot has very low permeability to 
gases such as Argon, water or aqueous 
solutions. Oppand is resistant to the 
following substances at room 
temperature: 

:i!:	 Diluted and concentrated acids 
(hydrochloric acid, sulfuric acid, 
phosphoric acid, chJorosulphonic 
acid, phenolsulphonic acid, formic 
add, acetic acid) 

~: Diluted and concentrated ammonia 

lJ.·	 Diluted and concentrated solutions of 
sodium hydroxide and potassium 
hydroxide 

I§A	 Aqueous quicklime, aqueous. 
hydrogen sulfite, copper sulfate 
solution, hydrogen peroxide, 
potassium perrnanganate solution, 
chromic acid, potassium dichromate 
solution 

Oppanot has adequate resistance to: 

lit	 Concentrated nitric acid and mixed
 
acid
 

OppanoJ is not resistant to: 

fi	 Chlorine and bromine in liquid,
 
aqueous or gaseous fonn
 

Solvent Resistance 

Oppanol is insoluble in: 

Iff	 Methanol, ethanol, ethylene glycol,
 
glycerin
 

:r Acetone, cycIohexanone 

\:~ Methyl acetate, ethyt acetate 

Oppanol is solvated by: 

~.: Ethyl ether 

t~.~ Butyl acetate 

fJ	 Oils and fats of animal and vegetable 
origin 

Oppanol is soluble in: 

•	 Paraffin, mineral oil (gasoline, diesel oil, 
lubricating oil, bitumen) 

~	 Benzene, toluene, xytene, 
cyclohexane, poIy-a-oiefins, oil 
soluble synthetic esters 

(. Methylene chloride, tetra 
chloromethane, chlorobenzene 

I! Carbon disulfide 

Resistance to Low 
Temperatures 

OppanoJ remains elastic at temperatures 
down to -500C. It gradually becomes 
harder at lower temperatures and 
eventually becomes brittle. 

Heat Resistance 

• The mechanicat properties of high 
molecular weight Oppanol remain 
virtually unchanged up to a 
temperature of about 1000C. It 
gradually becomes plastic at higher 
temperatures, and it starts to flow at 
180 - 2000C (under nitrogen). The 
polymer starts to degrade rapidly at 
this temperature in the presence of air. 

£r	 Medium molecular weight Oppanol 
starts to flow at about 100°C. It starts 
to degrade at 160 - 180°C. 

Resistance to Sunlight and
 
Oxidation
 

Unstabilized Oppanof undergoes hardly 
any discoloration in diffuse light, and it 
does not undergo any other significant 

physical changes. It begins to degrade in 
direct sunRght, and especially when 
irradiated with LN light, which is 
indicated by a decrease in strength and 
elasticity and increased tackiness. The 
resistance of Oppanol to sunlight can be 
improved substantially by adding 
pigments and fillers such as carbon 
black or by adding antioxidants and IN 
stabiDzers. 

Affinity for Fillers 

Oppanol has a high affinity for all types of 
filters. There is no difficulty in preparing 
sheets consisting of 1 part of Oppanol 
and 10 parts of fillers such as china clay, 
chalk or talc, etc. 

Compatibility with Rubber, 
Resins, Waxes, etc. 

Oppanol can be mixed with rubber and 
rubber substitutes. 

Dielectric Properties 

Oppanol is a nonpolar, hydrocarbon 
potymer. It is an excellent insulator, and 
its dieteetric properties are not affected 
by prolonged immersion in water. 

Dimensional Stability 

Oppanol displays cold flow, and 
undergoes permanent deformation 
under a permanent load. 

Reactivity 

Oppanol is an almost completely 
saturated paraffinic polymer, and 
therefore practically inert. 

Cross-Linking 

The methods that are usually used to 
cross-link saturated ethylene polymers, 
such as applying high-energy radiation 
or adding peroxide and aUowing it to 
decompose, cause Oppanol to break 
down. 

Because Opp~ol is saturated, it cannot 
be vulcanized with sulfur. Peroxides 
need to be added to Oppanol before it 
can be vulcanized. 
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Typical properties 

Density at 20"C
 

Glass transition temperature, T9 (DSC)
 

Specific heat, c
 

Thermal conductivity, A.
 

Rerractiveindex,n~D 

Dielectric constant, Er (50 Hz, 23°Cj 

Dissipation factor, tan 5 (50 Hz, 23°C) 

Specific resistance 

CoeffICient of permeability to water vapor 

" 

0.92 

-62 

2.0 

0.19 

1.51 

2.2 

<=5*'0'4 

1,016 

2.5*10-7 

glon:' 

O*em 

g*m'l'h"*mbar1 

......,"'.....:..•. J. 

Note: 

The details presented here on the 
properties and processing of Oppana® 
and its applications are for information 
purposes only. They do not constitute a 
specification or a guarantee of specific 
properties. 

3.2. Processing 

Oppanol is usually packaged in 20 kg 
cardboard boxes, 20 kg bags, and 100 
Ibs drums. 

Oppanol is a thermoplastic and can be 
processed with conventional machinery 
used in the rubber industry, such as 
kneaders, roll mills, calendars, single
and twin-screw extruders, and extrusion 
presses. Recently, press mixers have 
also been used. 
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3.3. Removing Packaging 

Cardboard box (Fig. 1 - Fig. 4) 

BASF recommends opening the 
box on both sides longtudinally by 
hand (Ag. 2), pulling out the flaps 
(Ag. 3), and folding down the side 
walls (Fig. 4). 

Figure 3
 

Figure 6
 

Plastic bag (FIQ. 6 - Fig. 8) 

BASF recorrrnends cutting open the liner at the front and the sides (Ag. 7). If the 
bag sticks to the contents and is difficult to remove, then the bag can be inflated with 
compressed air (Fig. 8) before it is cut open. 

....•.•,--_...._---------- 
,-. - ,-

Oppanor
;8 .' 

~// 
Figure 1
 Figure 2
 

Figure 4
 

Figure 5
 

Drum (FIQ. 5) 

Remove lid from the top of the 
drum. Place drum upside down to 
remove the material. 

Figure 8
 

__IT] 

I 
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3.4. Applications 

Formulations that Contain 
Fillers 

Building industry: 
For sealing membranes used to seal 
buildings from standing water; rooflll9 
merrt>ranes with or without standing 
water. waterproofing for tunnels and 
cellars in combination with bitumen 

Corrosion protection: 
Unings for chemical reactors. other 
vessels. and underbody sealants for 
automobiles 

Electrical industry: 
Conductive films filled with graphite and 
magnetic films filled with barium ferrite 

Electrical insulation: 
Extremely high flashover voltage 

Inorganic fillers: 
Cart:>on black. graphite. chalk, shale. 
quartz, china day and talc 

Thermoplastic additives: 
Thermoplastics such as EVA 
copolymers. PP, HOPE, LDPE and 
LLDPE act as plasticizers at 
temperatures above their melting point. 
They reduce shear, resulting in less 
mechanical degradation when Oppanol 
is processed. At temperatures below 
their melting point, these thermoplastics 
act as fillers at low deformation. resulting 
in a higher modulus of elasticity and a 
higher elongation at break. 

Rubber Industry 

Coating compounds: 
Additive for compounds of natural and 
synthetic rubber 

Regeneration: 
Used in the regeneration of waste 
vulcanized rubber 

Cable sheathing: 
Good insulator with self sealing 
properties to prevent short circuits if 
sheathing is punctured 

Ebonite compounds: 
Increases the ifTl)act resistance of 
ebonite 

U' 

.. :.:": ••::-,":':",.;...:0;.:: ~ :':':l':='':'-:'~:'.·:'':-_-=A.''=-'.:.r...::''·;C':::'::,"·•• 

Mixtures with Waxes 

Mixtures of this type are mainly used to 
coat. mpregnate and laminate paper. 
plastic film. and metal foil. 
Advantages: High melt viscosity. low 
permeability to water vapor, very pliable 
film, better adhesion, inproved 
sealability 

Mixtures with Bitumen 

Advantages: Increased melt viscosity. a 
more pliable bitumen film. improved 
resistance to changes in temperature On 
bridge construction), higher weathering 
resistance. better adhesion. very high 
water resistance 

Adhesives 

Oppanol®is used on account of its 
resistance to aging and to attack by 
chemicals in preSSlKe sensitive 
adhesives for technical and medical 
applications, such as surgical plasters. 
sealing tapes. insulating tapes, masking 
tapes and anticorrosion tapes. 

Permanently Elastic Sealants 

Permanently elastic sealants (mainly for 
double-glazed windows) can be 
manufactured by blending different 
Oppanoj®types and Using fiRers such as 
chalk. zinc oxide. china day or barites. 
Bitumen may also be induded in the 
forrrulation. 

Chewing Gum Base 

Chewing gum base is m<Ylufactured by 
mixing Oppanol with chalk. com ai, 
paraffin wax and other waxes and fats. 
etc. The chewing gum itself is made by 
adding icing sugar, dextrose. gycerin, 
citric acid and flavoring to the chewing 
gum base. 

Mixtures with Mineral Oil and 
Lubricants 

Oppanol can be used to increase the 
viscosity and adhesion of oils and chain 
lubricants. or as a thickener for 
lubricating grease. and a drag reducer in 
oil pipelines. 

-:-.-..:-...;- •...•.• ::--., •.. :<:: 

~,:'... 
~~', ; 
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4. Other Possible Applications 

- OppanoJ® 

Ii Disposal of solid and liquid waste . ojr.. 

['i Disposal of metal dust, asbestos dust, and toxic sludge 

• Removing oil pollution frcm water 
/] Cleaning up oil slicks after tanker accidents 

i.-'~ Recyding plastic waste On the automotive sector) 

~ Can be processed chemically into lubricant additives, copolymers, and sealants 

with enhanced adhesion 

- Blends of OppanoJ®and other polymers 

~ Sterile tubes for medical suction equipment 
• Infusion tubes 

i&~ Seals for disposable syringes 
f:l~! Medical metering equipment 
I~~ Automotive films 

L· Decorative films, including films laminated with textile fibers 
c.: Household films 
~~ Cling film for fooo packaging 

[s Peelable film for yogurt containers, etc. 
• Cosmetic packaging 

Ei Sealants for bottle caps 

i!j Non-slip tablemats 

Cl Protective panels for vacuum cleaners 

.:~:l' . 

Note: 

The details presented here on the 
properties and processing of Oppanol 
and its applications are for information 
purposes only. They do not constitute a 
specification or a guarantee of specific 
proP€Jties. . 

5. Specifications, Technical Literature, Safety Data Sheets, and
 
Product Range 

Product range: 

loppanol· 

B 10SFN 
B 12SFN 
B ·13 SFN 
B 15 SFN The C of A lists Staudinger index (Jo) 

measured by a BASF method. 
830SFSpecifications, technical literature, and 

safety data sheets are available from 8SOlB50SF 
880your local BASF representatives. 
8100 
B 150 . 
·8200 

Molecular WeiQht
 
MW·{GPC) Mv
 

36,000 40.000 
·5,1,000 55~OOO 
60.000 65,.000 
75.000 85.(x)() 

200,000 200,(X)() . 

340~000 400.000 
7·50,000 800.000 

1,100,000 1,110.000 
2,500,000 2,600,000 
4.100,000 .4',000,000 

Consistency 

Soft. resinous
 
Soft, resinous
 
Soft, resinous
 
Soft, resinous
 

Soft, resinous
 
Soft, resinous
 
Rubbery
 
RubbEry
 
RUbbery
 

.. Rubbery 

I 



I 
6. MarkingsI
 

I 6.1. OppanofF> B 10 SFN, B 12 SFN, B 13 SFN,
 
B 15 SFN, B 30 SF, B 50, B 50 SF
 

I, 
I These products are packed in 20 kg (44lb) corrugated
 

cardboard boxes with an inner silicone release coating and
 
in 100 Ib paper/fiber drums lined with a silicone coated
 
nylon 6ner. 

The lid is labeled as follows:
 

I BASF Oppanol B XX XXX 20 kg
 
BASF AktiengeseUschaft D-67056 Ludwigshafen
 
MADE IN GERMANY
 

I The cardboard boxes are labeled on only one side of the 
box. 

I The symbols for "this side up" and ·protect from moisture" 
also appear. 

I 
I
 On one pallet there are 30 cardboard boxes or 9 drums.
 

I
 
A large, colored sticker is attached to one of the boxes on
 
each pallet in order to draw attention to the designation of
 
the product. Attached to the same box is a stamped label,
 

I
 
which gives details of the total net weight of the pallet load
 
and the nurrtJer of the paRet. This serial number is important
 
for tracing back the pallet and for processing shipment
 
related requests.
 

I
 
I
 

The pallet is covered with shrink wrap to protect it from moisture. 

I 
I 
I 
I 
I 



I 
6.2. OppanofB'B 80, B 100, B 150, B 200 

I These products are suppHecl in 20 kg LDPE bags.
 

I
 
Each bag is labeled as follows:
 

BASF Oppanol B XX XXX 20 kg 
BASF Aktiengesellschaft D-67056 Ludwigshafen Germany

I The bags are also labeled with the code number of the packaging and a recycling
 
syrrbol.
 

'1 The grade of product is printed on the label.
 

I
 
The bags are suppfiecl on pallets in units of 30 (Oppano/ B 150 / B 2(0) or 40
 
(Oppanol BOO / B 100). A large corrugatecl cardboard cover is placed over the bags
 
on the pallet in order to ensure that the stack remains stable when the bags at the 
bottom are deformed under the weight of the bags on top as the result of cold flow. 

I A large sticker is attached to the cardboard cover of each pallet in order to draw 

I 
attention to the designation of the product. A label is also attached which gives details 
of the total net weight of the pallet load and the number of the pallet. This pallet 
number is important for tracing back for processing complaints. 

The cardboard cover is then shrink wrappecl to protect it from moisture. 

I 
7. DispatchI 

'. .;. .... .~'~ 

oppanol"', 

:: .. ::-::e-:::'~q...., 

B.~SF 
._.-...~-._ ..,_.__._.._ . , 

~_~n.~~t" 

I 
When the product is ready to be shipped, labels are attached providing details of the internal work order number and customer 
specific information. 

These labels appear on the outside of the shrink wrap. 

I , 8. Traceability 

I 
The pallet is covered with shrink wrap to protect it from moisture. 

I 
I 
I 
I 
I 

~.'."IM."·.r....
~I\II i(·.·~.:..·.'.f.·.L;·,:.<.•.. :', .... ", ":-: ': ~ 

&./,.~.' 
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II Attachment 3
 

I I Viscon Production Flow 
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 Attachment 4
 

I
 Customer-Site Storage 
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Attachment 5
 

Viscosity Measnrements 
(Quality Control) 



I Data-report: C:\RHE028\DATA\Batch # 222.dat 09:03 03101/07 page 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
 
I
 

Customer: 
Measurlng-ldent: 
Medium-ldent: 
Operator: 
Comment: 

Program filename:
 
Prog.mode:
 
Date:
 
Block termination:
 
Block 2 of 2:
 
measuring-system:
 
Rheometer:
 

filters active 
t[s]>=15 
data-graph: 

47.0 

46.8 

46.6 
r-'I 

Quality Control 
Batch #222 
Tower 3 
Misty 

Batch was made 10.09.06 

C:\RHE028\PROG\VlSCOn sequence.seq 
sequence 
06:5810/10/06 
Block end 

CC48DIN 
RlS+ RheometerVer.:9.00 from 15.02.05, Serialnumber: #303117 

~ ~~\ 

~ 4466.42-1i4/iP~:, ,~/\"l~,\'~l-""iSl-~ ,1
 
• \.. .0--.eJ "rc. ~ ,,J 

"~ - ~-) 

; ! 

46.0JIII 

47.0 

46.8 

46.6 
m,.....

46.4 n 
\J.... 

46.2 

46.0 

45.8f~·~~~~~~~~~~~~~~~~~~45.8 
15 20 25 30 35 40 45 50 

t[s] 

0---0 ete(cP)=1(I(a~BSch, 222.del. Block 2 
~ Eta(cP)=f(t(sJ):aetch , 222.da1, Block 2 

0---0 

:>E---K 

0---0 

~ 

0--0 

~ 



~~-~~- _._~-.. __ ....... _-- ..... -- ..
 --- -- ...

Data-report C:\RHE028\DATA\Batch # 222.dat 09:03 03101/07 page 2I 
I 

Data-grid: Batch # 222.dat BIock:2
 
Datafilter is active!
 
MP# t(s] . Eta[mPas] 0[1/s] Tau[Pa] T[°C] M[%.] n[;Pm] Step
15 15 45.94 250 11.484 32 60.44 48.62 1 

I 
16 16 46.32 250 11.581 32 60.95 48.62 1 
17 17 46.28 250 11.569 32 60.89 48.62 1 

I 
18 18 46.15 250 11.538 32 60.72 48.62 1
 
19 19 46.18 250 11.545 32 60.76 48.62 1
 
20 20 46.19 250 11.547 32 60.77 48.62 1
 
21 21 46.24 250 11.56 32 60.84 48.62 1
 

I 
22 22 46.22 250 11.556 32 60.82 48.62 1
 
23 23 46.16 250 11.539 32 60.73 48.62 1
 
24 24 46.35 250 11.587 32 60.98 48.62 1
 

I 
25 25 46.19 250 11.548 32 60.78 48.62 1
 
26 26 46.32 250 11.581 32 60.95 48.62 1
 
27 27 46.45 250 11.613 32 61.12 48.62 1
 
28 28 46.33 250 11.583 32 60.97 48.62 1
 

I 
29 29 46.22 250 11.554 32 60.81 48.62 1
 
30 30 46.25 250 11.563 32 60.86 48.62 1
 
31 31 46.23 250 11.557 32 60.83 48.62 1
 
32 32 46.22 250 11.555 32 60.82 48.62 1
 
33 33 46.18 250 11.546 32 60.n 48.62 1 
34 34 46.49 250 11.623 32 61.17 48.62 1

I 35 35 46.12 250 11.531 32 60.69 48.62 1 
36 36 46.19 250 11.547 32 60.77 48.62 1
 
37 37 46.52 250 11.629 32 61.21 48.62 1
 
38 38 46.38 250 11.594 32 61.02 48.62 1
I 39 39 46.3 250 11.576 32 60.93 48.62 1
 

I 
40 40 46.87 250 11.718 32 61.67 48.62 1
 
41 41 46.1 250 11.525 32 60.66 48.62 1
 
42 42 46.16 250 11.539 32 60.73 48.62 1
 
43 43 46'.72 250 11.679 32 61.47 48.62 1
 



I 
44 44 46.9 .250 11.726 32 61.72 48.62 1
 
45 45 46.26 250 11.564 32 60.86 46.62 1
 

I 
Analysis-resuIts:
 
filter activated: t[s]>=15
 
step1: average/mean of Eta[Pas]=O.046, 8=0..0002
 
End of report 

I
 
I
 
I
 
I
 
I
 
I
 

_I 



II Data-report: C:\RHE028\DATA\Batch # 329.dat 08:51 03101/07 page 1 

I I
 
I I
 
II
 
II
 
II
 
II
 
,I
 
II
 
II
 
I .I
 
I
 

I,II

II
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II
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I
 

Customer:
 
Measuring-ldent:
 
Medium-ldent:
 
Operator:
 
Comment
 

Program filename:
 
Prog.mode:
 
Date:
 
Block tennination:
 
Block 2 of 2:
 
measuring-system:
 
Rheometer:
 

filters active 
t[s]>=15 
data-graph: 

45.401 
45.35 

45.30... 
D. 
CJCG 45.25... 
w 

45.20 

45.15 

45.1 0 '--r--.,---,--.---r--.....--r--.,---,--,-.,--~-r----r---r--r-..---.---r--r----r---r--~~~T---r--~~ 45.10 
15 20 25 30 35 40 45 50
 

0--0 

~ 

0---0 

~ 

0----0 

~ 

0---0 

~ 

t[s] 

Be(cPJ-f(I{s)):B8tch , 329.dfJt, Block 2
 

Ba(cPJ-f(tfs]):B8tch .. 329.d8t, Block 2
 

t-(~:' 

\ 
\ 

\ 

Quality Control 
Batch., 329
 
Tower 2
 
Preston
 

Batch was made 12.8.06 

C:\RHE028\PROG\Viscon Sequence.seq 
sequence 
06:44 11/12/06 
Block end 

CC48DIN 
RlS+ Rheometer Ver.:9.00 from 15.02.05, Serialnumber: #303117 

~, 
/ 

!
\ 

¢ 

/ 
I
 

M 

45.40 

45.35 

45.30 
m.... m45.25 7) 
-0.... 

45.20 

45.15 





I Data-report C:\RHE028\DATA\Batch # 313.dat 08:50 03101107 page 1 

Customer: 

I
 Measuring-ldent:
 

I
 
Medium-ldent:
 
Operator:
 
Comment
 

I
 
Program filename:
 
Prog.mode:
 
Date:
 

I
 
Block termination:
 
Block 2 of 2:
 
measuring-system:
 
Rheometer: 

I
 
filters active
 
t[s]>=15 
data-graph: 

I 48.0 

I 47.8 

I 

Quality Control 
Batch.313 
Tower 1 
Misty 

Batch was made 11.07.06 

C:\RHE028\PROG\Vascon sequence.seq 
sequence 
06:02 08111/06 
Block end 

CC48DIN 
R1S+ RheometerVer.:9.00 from 15.02.05, Serialnumber: #303117 

48.0 

47.8 
~i) 

m...
 
S» 

-a....
 
I 
I 
I 
I 

47.6 ~ 
1\ 

:p 47.6 

fil 
I \ 

I 
I 

\ \ j I 47.4 n 

,; \ 

\ i-'\ 

\ 
I 

f 

\ / 47.2\ I \/ I :~~ 
\ 

~ I ~. 1. Ji-J \ I N} 
\.~ , 

II .-y ..J 47.0,y 
"'y 

~: :.)1 

46.8 
20 25 30 35 40 45 50 

t[s] 

I 
I 
I 

0---0 

~ 

0---0 

~ 

(>----() 

~ 

0--0 

~ 

EU(cP]=f(t(a~Betch., 313.deIl. Block 2 

Ba[cPJ=f(t(8~Batch , 313.dM. BocIc 2 

I 
I 
I 



I 
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Data-report: C:\RHE028\DATA\Batch # 313.dat 08:50 03/01/07 page 2 

Data-grid: Batch # 313.dat BIock:2 
Datafilter is active! I MP# t(s] Eta(mPas] 0[1/5] Tau[Pa] T[°el M[%.] n[rpm] Step
15 15 47.26 250 11.816 31.9 62.19 48.62 1 
16 16 46.84 250 11.71 31.9 61.63 48.62 1

I 17 17 47.24 250 11.81 31.9 62.16 48.62 1 

I 
18 18 47.11 250 11.778 31.9 61.99 48.62 1 
19 19 47.47 250 11.868 31.9 62.47 48.62 1 
20 20 46.99 250 11 ..747 31.9 61.82 48.62 1 
21 21 47.07 250 11.768 31.9 61.94 48.62 1 

I 
22 22 47.42 250 11.856 31.9 62.4 48.62 1 
23 23 47.56 250 11.891 31.9 62.59 48.62 1 
24 24 46.91 250 11.728 31.9 61.73 48.62 1 
25 25 47.87 250 11.968 31.9 62.99 48.62 1 
26 26 47.02 250 11.754 31.9 61.86 48.62 1 
27 27 47.28 250 11.819 31.9 62.2 48.62 1

I 28 28 47.27 250 11.817 31.9 62.2 48.62 1 

I 
29 29 47.83 250 11.958 31.9 62.94 48.62 1 
30 30 47.08 250 11.769 31.9 61.94 48.62 1 
31 31 47.03 250 11.758 31.9 61.88 48.62 1 
32 32 47.64 250 11.909 31.9 62.68 48.62 1 

I 
33 33 47.47 250 11.867 31.9 62.46 48.62 1 
34 34 46.91 250 11.728 31.9 61.73 48.62 1 
35 35 47.76 250 11.941 31.9 62.85 48.62 1 
36 36 47.19 250 11.797 31.9 62.09 48.62 1 
37 37 47.05 250 ~1.763 31 ..9 61.91 48.62 1 
38 38 47.28 250 11.82 31.9 62.21 48.62 1

I 39 39 47.62 250 11.905 31.9 62.66 48.62 1 

I 
40 40 47.2 250 11.799 31.9 62.1 48.62 1 
41 41 47.03 250 11.757 31.9 61.88 48.62 1 
42 42 47.67 250 11.918 31.9 62.73 48.62 1 
43 43 47.3 250 11.824 31.9 62.23 48.62 1
44 44 46.92 250 11.731 31.9 61.74 48.62 1 
45 45 47.62 250 11.905 31.9 62.66 48.62 1 

I 
Analysis-results:
 
filter activated: t[s»=15


I step1: average/mean of Eta[Pas)=O.047, 5=0.0003
 
End of report 

I 
I 
I 
I 
I 
I 
I 



I, Data-report: C:\RHE028\DATA\7,OOO Gal. 01.02.07.dat 08:49 03101/07 page 1 

Customer: Quality Control
 
Measurlng-ldent: 7,000 Gallons
 I Medium-klent: 
Operator: 

I 
Comment 

I
 
Program filename:
 
Prog.mode:
 
Date:
 

I
 
Block termination:
 
Block 2 of 2:
 
measuring-system:
 
Rheometer: 

filters active 

I t(s]>=15 
data-graph: 

I 45.3 

I 45.2 

I 
45.1 ....
 

D. 
CJ

I 
fa 45.0 
Uj 

Tank 351 
Misty 

7,000 gallons going to Texas pulled from Tank 351 01.02.07 

C:\RHE028\PROG\Viscon sequence.seq 
sequence 
12:23 02101/07 
Block end 

CC48 DIN 
R1S+ Rheometer Ver.:9.00 from 15.02.05, 8erialnumber: #303117 

45.3 

45.2 
:i'" ;\
 

r ti.(,J.i; ~ '\
 45.1 
..-y ....: "0/' "'S-off'- , Ii ® ..m

45.0 n'm 

-01 ) ~ .... 
44.944.9 \ r 0 

\ , 

44.8I 44.8 \/ 
~ 

I 44.7 "---"-r--T--~.---r--:r--r---r-r--r-r--~r----T-~~y---or-~~.,.......,.--~....----,...--~ 44.7 
15 20 25 30 35 40 45 50 

I t[s] 

I 0--0 ae(cPJ-1(t(s~7,rDl Gel. 01 JJ2.D7.dat, Block 2 

~ Ete(cPJ-f(t(s~7 .000 Gal. 01 .02J:I1.dat. fJock 2 

I 
0--0 

~ 

0--0 

~ 

0---0 

~I 
I 
I 
I 



I Data-report C:\RHE028\DATA\7,OOO Gal. 01.02.07_dat 08:49 03101/07 page 2 

I 
·Data-grid: 7,·000 Gal. 01.02.·07.dat ·Block:2
 
Datafilter is active!
 
MP# t[s] Eta(mPas] 0[1/s] Tau[Pa] T[°C] M[%.] n(rpm] Step
 

I 
15 15 44.94 ,250 11.234 .32.2 59.13 48.62 1
 
16 16 44.74 250 11.186 32.2 58.88 48.62 1
 
17 17 44.93 250 11.232 32.2 59.12 48.62 1
 

I 
18 18 45.12 250 11.281 32.2 59.38 48.62 1
 
19 19 44.97 250 11.243 32.2 59.18 48.62 1
 
20 20 45 250 11.25 32.2 59.21 48.62 1
 
21 21 45.18 250 11.294 32.2 59.44 48.62 1
 

I 
22 22 44.9 250 11.225 32.2 59.08 48.62 1
 
23 23 45.03 250 11.257 32.2 59,,25 48.62 1
 
24 24 45.08 250 11.269 32.2 59.31 48.62 1
 
25 25 45.03 250 11.258 32.2 59.26 48.62 1
 
26 26 44.94 250 11.234 32.2 59.13 48.62 1
 
27 27 45.06 250 11.265 32.2 59.29 48.62 1


I 28 28 45.07 250 11.267 32.2 59.3 48.62 1
 

I 
29 29 45.03 250 11.257 32.2 59.25 48.62 1
 
30 30 44.99 250 11.247 32.2 59.2 48.62 1
 
31 31 45.17 250 11.293 32.2 59.44 48.62 1
 
32 32 44.95 250 11.237 32.2 59.14 48.62 1
 

I 
I 

33 33 44.99 250 11.24'8 32.2 59.2 48.62 1
 
34 34 45.12 250 11.279 32.2 59.36 48.62 1
 
35 35 45.07 250 11.268 32.2 59.3 48.62 1
 
36 36 45.1 250 11.274 32.2 59.34 48.62 1
 
37 37 45.08 250 . 11.269 32.2 59.31 48.62 1
 
38 38 45.08 250 11.271 32.2 59.32 48.62 1
 
39 39 45.1 250 11.275 32.2 59.34 48.62 1
 

I 
40 40 45.07 250 11.268 32.2 59.31 48.62 1
 
41 41 45.2 250 11.299 32.2 59.47 48.62 1
 
42 42 45.06 250 11.265 32.2 59.29 48.62 1
 
43 .43 45.11 250 11.277' 32.2 59.36 48.62 1 
44 44 45.2 250 11.301 32.2 59.48 48.62 1
 
45 45 45.09 250 11.272 32.2 59.32 48.62 1
 

I 
I 

AnaIysis-resuIts:
 
filter activated: t(s]>=15
 
step1: average/mean of Eta[Pas]=O.045, 8=0.0001
 
End of report 

I 
I 
I 
I 
I 
I 
I 
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Customer: 
Measurlng-ldenl: 
Medium-ldent: 
Operator: 
Comment 

Program filename:
 
Prog.mode:
 
Date:
 
Block termination:
 
Block 2 012:
 
measuring-system:
 
Rheometer:
 

filters active
 
t[s]>=15
 
data-graph:
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Data-report C:\RHE028\DATA\Batch # 165.dat 08:47 03101/07	 page 2I I 
Data-grid: Batch f.165.dat BIock:2
 
Datafilter is activel


I I	 MP# tis] Eta[mPas] 0[1/5] Tau[Pa) T[°C] M(%.] n[rpm] Step
15 15 48.48 250 12.12 31.8 63.79 48.62 1 
16 16 48.65 250 12.163 31.8 64.01 48.62 1 
17 17 48.57 250 12.142 31.8 63.91 48.62 1I I 

I I 
18 18 48.63 250 12.158 31.8 63.99 48.62 1 
19 19 48.66 250 12.166 31.8 64.03 48.62 1 
20 20 48.62 250 12.155 31.8 63.97 48.62 1 
21 21 48.64 250 12.161 31.8 64 48.62 1 

I 
22 22 48.7 250 12.174 31.8 64.08 48.62 1 
23 23 48.72 250 12.181 31.8 64.11 48.62 1 
24 24 48.6 250 12.15 31.8 63.95 48.62 1 
25 25 48.72 250 12.179 31.8 64.1 48.62 1I 26 26 48.67 250 12.168 31.8 64.04 48.62 '1
 
27 27 48.65 250 12.163 31.8 64.02 48.62 1
I 28 28 48.65 250 12.162 31.8 64.01 48.62 1
 
29 29 48.66 250 12.166 31.8 64.03 48.62 1 

I 
I 30 30 48.54 250 12.134 31.8 63.86 48.62 1
 

31 31 48.64 250 12.159 31.8 64 48.62 1
 
32 32 48.64 250 12..161 31.8 64.01 48.62 1
I 33 33 48.7 250 12.175 31.8 64.08 48.62 1
 
34 34 48.64 250 12.159 31.8 63.99 48.62 1
-I 35 35 48.6 250 12.149 31.8 63.94 48.62 1
 
36 36 48.62 250 12.154 31.8 63.97 48.62 1I 37 37 48.66 250 12.166 31.8 64.03 48.62 1 
38 38 48.72 250 12.18 31.8 64.1 48.62 1I 39 39 48.71 250 12.178 31.8 64.1 48.62 1 
40 40 48.53 250 12.132 31.8 63.85 48.62 1 

I 
I 41 41 48.6 250 12.15 31.8 63.95 48.62 1 

42 42 48.69 250 12.172 31.8 64.06 48.62 1 
43 43 48.7 250 12.174 31.8 64.07 48.62 1

I 44 44 48.62 250 12.154 31.8 63.97 48.62 1 
45 45 48.6 250 12~149 31.8 63.94 48.62 1

I 
Analysis-results:I · 
filter activated: qs]>=15
 

I step1: average/mean of Eta[Pas)=O.049, 5=0.0001
 
End of report

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I I
 
I I
 
I 
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Issuance of License for Oil Spill Clean-Up Agent
 



(I 
$TATE OF'CALIF'ORNIA 

I State" .Water Resources Control Bo·ard 

I 
. " 

LICENSE {<)or:. Oil Spill Cleanup AgentI 
I
 Issued to: .GENERAL TECHNOLOGIES APPLICATIONS, INC.·
 

{; 

PRODUCT'NAME:' ~ELASTOL" 
4'. .. • 

. . .' ..... ...-::......~':"._~.. ~._ ... _ _. __ .. _.. -:.... ~ ':.. .e_
 

"' _-:'.- :"~:.~ ~ .: :~~ '-";~.{,\ "::" "~~~.~.:.' ·,"2(~;~~'~~~:;L~L~:~~:~~:~~:~ ii":L~~;:i;~:,~ :l~~~:~;'~i ~ ,. 
.. t~~~~~~A~ON :.···:~:·:~f~1i!~T;~~AJitfjJ!~;.~~~~~~~~i~;;i~fS;:;:.::.~ .. 

.. ..- -" 
' •••• _ •• _ .......... __•• _ ... _ ••••••.•• , •. _ 0.' _ •••_. o. _...
_~_. 

. DA~E:"ISSUED: 

EXPIRATION'DATE:~ MAY 1, 1991 " 

.-:- '......".. ° ' . ' ~.
0 

. .... _.. . - .. ,. ,.,. :' .. ~;·,,:,·~~.:,:~~~1-';;;~~i~£~;:~~0;j.·ic:::. .. ... 
., . . :. :-~~~~~pbN~~~~~d~~ ~~a~~~~1~ 

.0/ the California:'Adminlsfrative· 'Code,;:'a~~d?havi;ig: ':Subm7ii~rtp"oper~-ai:ipJiGations which was 
reviewed·by interestedage,?cies .andIs fauna in orde; ;"iapproval,' fhi$}icense. is..hereby1ssued. 

US'!J of the p~duc( mustbe in strict compliance with Section 2332 of referencedAdmil]istrati~~, 

Cod.~. .. ..:. ..._.,,~:~.~ __." :..;..~~~:.:"::-~~_:.~.- :.:... :..... .. ._ . .:- ..~ 
~. The.term·ofthis'licens~"shaJf.be--for-a perfod'of:five'(5) ·years unless revoked prior to-thatdate 

.·forgoo'!: cause.· . '.' : " -. , '.... - ' 
.......
 

, ': This license does·notderi~te··endorsementoftheproduct-bythe State WaterResources. Co~trol 
Board or any other:State agency.. ' ' '. " , 

> 
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I - Attachment 7 

1-- Extensional Viscosity 



Extensional Viscosity and a Sing1e
 
Phenomenological Basis for the
 

GTA Fuel Additive
 

'1 . Approach 
,We pegin with the equations for Newtonian viscosity as a 

function of concentration and molecular weight. Then we look at 
the parameters 'influencing the extensional viscosity. Finally, 
we l.ook at the parameters governing the evaporation of a liquid 
from the surface of. an evaporating drop. The extensional 
viscosity relationship is then overlaid on the .equation f.'or· 
evaporation of a liquid drop. Calculated values w~ll be giv~n in 

. ·t~~ ·next ~~sdussion paper. 

2 . Resting Viscosity of a D.ilute Polymer Solution 
Tl:J.e Ne·w.tonian (resting) viscosity of a very dilute polymer 

soluti'on is close to that of the 801vent ~ This is a consequence 
of the following two equation.s: 

( I ) [T) ] = KM1
/ 

2 and 
(II) flop = ['f)] C + k ' [11] 2 C 2 

where [~] is the intrlnsic viscosity of the pol~er - solvent 
system,.M is molecular weight, and K is the constant of 
proportion'ality. Note that. [11] is weakly dependent on molecular 
weight, thus the specific viscosity of a given solution 
concentration is also little increased by M. This is especially 
the case· when the· polymer concentration, c, ·is also small as it 
is for fuel additive at 10 ppm, or 0.0010 grams per deciliter. c 
is 1·xlO-3 g/dl and c 2 is lX10- 6g2 /d1 2

• Thus the treated fuel is not 
very di'fferent· from untreated fuel at rest. References for this, 
are 1) Billmeyer.and 2) Flory. 

3; Extensional. Viscosity 
The ratio' of viscosity of stretched, elongated. of extended 

polymer s·olution to the viscosity of the· unperturbed solution is 
given by . . 

(III) 

The extens"ional viscosity, 11, is .strongly dependent on the 
amolecular we.ight. The tenn M(1+2 ) becomes M2 for .the case of 



worst solvent for the polymer, and M3 for the best Possible 
solvent. P~lyisobutylene and fuel are ideally compatible and the\ 
term more closely approac~es M3 than M2 

•. Despite the E?trong 
dependencies of ~/~o ~n the molecular weight, ~/~o approaches the 
low limiting value of 3 when c approaches o. This is why the 
ratio can be If tuned" to a particular type of engi~ne or burn~ng 

conditio~1 (f~rther discus~ions will be postponed to the next 
°section). The rate ·of strain, .E is a measure <?f elongation per 
u~it· length per second, or 8L/Ldt. This parameter changes when 
the solution is sheared, stretched, or deformed. Physically the 
l·arge po·lymer chains are deformed from a random coil conformat.iQn 
to'a stretched chain conformation. In the absence of the strain, 
the chains' thermally 'relax to the random coils. Often the strain 
induces a stres·s which breaks some' of the exte.nded molecules in 
the middle (mid-point bre~k theory). However, in undergoing a 
break, the fluid is also most rigid. In .other words dL/Ld.t was 
very large and ~/~o was also maximized. Regions where dL/L8t ~re 
la:~ge include turb~lent liquid flow regions (drag re"duction 
effect), injection from a noz~le (cohesive effect), t~e 
interaction of a liquid stream or dropletswi.th high velocity 
air. These conditions exist in most modern engines,' especially 
when co~ditions are changing in the millisecond to microsecond 
domain. K in this equation is obtained in the .laboratory by 
plotting the log of the intrinsic viscosity against the 199 of 
~he molecular weight and taking the slope of the line. K'is 
constant for a particular polymer solvent system. The K .for 
polyisobutylene in Benzene is 1.07xlO .. 3 at.. 297°K. T enters the 
expression for ~/~o in the 'term l/RT where R is th~ gas constant. 
T has little effect on ~/~o since there is usually little 
displacement fr9m 298 degrees (25°C). T could be 273 (O°C) or 
perhaps 325 degrees, but the effect on 11/110 is very small. 

4 o. Effects on Fuel Properti.es . 
Under sqme. conditions ·11/110 can approach 10, 000. When this 

is too ~arge for an optimal effect on combustion or vo·lumetric 
efficiency, or delayed vaporization, or suppression of vapor-like 
particles, the concentration can be deqreased toward zero. This 
it is a~ways possible to tune the fuel for 2 cycle spark 
i,gnitio~, 4 cycle spark ignition, compression ignition, turbine 
or other combustion scen~rios. c can also. be changed for 
different carburetor or fuel injection systems. High molecular 
weight is an advantage because it generates large ~/~o values at 
low concentrations where "at rest" fuel" prqperti.es are virtually 
unaffected. There is no doubt that 5 to 10 ppm concentrations of 
7'.2x.I0 6 M PIB decreases energy loss in turbulently flowing fuels I 

reSUlting in flow rat~ increase of more than 20%. There is also 
no doubt that ~he formation of vapor-like particles is suppressed 

2 
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I
 

at low concentrations' of high molecular weight PIB. These two

I . effects ar~ related to ~/~o. 

However, ~/~o is also related to transient increases in the 

I "solidity" and surface tension of particles produced by shear at 

I 
surfaces or in turbulent air. The .following r~lationships have 
be·en derived in "Physical Chemistry" I by Moelwyn - Hughes p. 
1213. The derivation will not be .repeated here. Consider a 
sphere of isolated liquid in an inert ~.tmosphere at constant 
t·emperat·ure and pres·sure. Let the radius be larger than 10-'cm. 
The number of molecules vaporizing from the surface of the sphere

I p~r secorid is given by 

(IV·) dN/dt = 41trDn° 

I 
I r 18 the radius of th~ droplet and D is the·diffusion coefficient 

of molecules within the ·droplet. n° is the saturation vapor 
pressure at the interface of the drop with the gaseous 
atmosphere. r m is the molecular radius. The link between D and 
~ is via the Stokes. relatio~ship or 

I 
accumulating the constants and the radius of a molecule equation

I V becomes 

D = k/~, or for extensional viscosity ~ 

I (VI) D= k/l1 

I Substitution'of VI into V we get 

dN/dt = 41trkn°/11 

I Thus during periods. close to those where D~L/L~t is large, the 
rate of vaporization, dN/dt is very depressed. Simultaneously 
the droplet is very rigi~ and solid like, and the surface is

I equally tense or hardened. When ~ subsequently approaches 3~o 

the rate of evaporation increases. sharply. During the "hardened" 
phase both the surface tension and bulk viscosity of the droplet

I favor transport without coating or premature vapor·ization. This 
leads to improved performance in gasoline and diesel .engines. 

I Another equation incorporates D and y, or.surface tension into 
the expression for the life·time of a spherical droplet. This 
equation is, 

I (VII) 

I 3 

I
 



I
 
I
 
I"
 where nL is" the nu~~r of molecules per cm3 in the liquid and r
 

is the radius of the droplet. 

I again replacing D by k/~ we get 

(VIII} 

I In equation {VIII) the ·surface tension approaches 0 when 

I 
saturated vapor is present above the droplet interface. and y 
approaches o. The droplet lifetime equation (VIII) then be'comes 
proportional to ~. 

I Relaxation of PIB a~d n 

~ becomes larger as e· increases. Similarly ~ decreases as E 
approaches zero. When th~ stretching "force is released the

I extensional or elongational viscosity decreases. The increase or 

I 
decrease in ~ depends. on the product of the strain E and the 
reciprocal of the time' it takes for the molecule to thermally 
relax to the unstretched conformation. The units of the 

I 
stretching raie or elongation rate are reciprocal seconds and the 
units o~ polymer relaxation times ar~ seconds. The product of 
the two factors is dimensionless.' The following equation links ~ 

to e and e.. 

I 
B is the relaxation time of·the p th normal mode of chain 
response. Note that as E~1/2el where" e; is the longestI 

p 

relaxation time, the (1-2£61 ) term approaChes zero. As the 
denominator app~oaches zero, ~ approaches infinite elongational

I "viscosity_ The relaxation time 61 is pioportional td 

I 
where [11] is "i"tself equal to KMa; ~d a is between 0".5 (6 solvent 
= poor solvent) and· 1.0 (p~rfect "solvent). Thus the relaxation

I time is proportional to M2~o/RT in a good solvent. Relaxation 
time increases with"M~ and therefore a state of high ~ will exist 
longer than it would for the case of a" lower molecular weight.

I The mist particles would retain· a high ~ for a desirable period 
during engine operation~ Since ~ approac~es ~ ·when e.approaches 
1/2B a high molecular weight polymer in a good solvent will.

I develop' an extensional viscosity that approaches infinity at 

I 4 

I
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lower extension rates than a low molecular weight polymer in a

I poor solvent. The former is the case for the GTA fuel additive 
in gasoline and diesel fuels. Concentration then provides the 
final tuni~g for 'the desired ~ at a particular e. 

I Summary 

I 
1. The large ~/~o possible using low concentrations of 7.2x10' 

M PIB in gasoline and diesel fuels influences pre-combustion 
events and thus affects combustion. 

I 2 . Through C', ,.,/110 can be tuned to improve the .operation of 
several" types of engines. 

3. ~/~o changes are linearly dependent on concentration and

I aL/Lat and this' provides another dimension for engine 
tuntng. 

I 4. Through c, ~/~o can be tuned to: 

I 
a) eliminate vapor-like burning 
b) promote diffusive burning (diesel) 

I 
c) develop a uniform cloud mix for improved 

combustion (diesel) . 
d) improve volumetric efficiency by slightly delaying 

vaporization (2-stroke and 4~stroke spark ignition 

I 

engines) 
e) negate undesirable surface coating effects through 

momentary increases in surface and bulk ·rigidityI f) p~omote diesel fuel.j~t penetration prior to· 
ignition and diffusive burning : 

g) decrease the'extent of vapor explosion before TOe 
in a diesel' 

h) prevent droplet agglomeration and surface wetting 
after TDC in' a diesel.

I 
I 
I 
I 
I 
I 5 
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Attachment 8
 

CARB Protocol Emissions Test Results
 



Summary of Data 

Baseline Data No Viscon Average .............................Grams/BHP-HR........................... 
HP HC CO Nox NO CO2 PM Fuel 

Baseline 136.362 1.379 1.695 5.79 5.144 561.255 0.265 178.507 

Pre Durability with Viscon 136.332 1.504 1.827 6.036 5.084 556.206 0.202 177.106 
Post Durabilitywith Viscon 131.05 1.43 1.62 5.89 5.43 552.58 0.197 175.80 

Average of Pre & Post 133.691 1.467 1.7235 5.963 5.257 554.393 0.1995 176.453 

% Change -1.960/0 6.38% 1.68% 2.99% 2.200/0 -1.22% -24.72% -1.150/0 
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Introduction and Background 

This emission testing project is a follow-on project for Viscon California, formerly GTAT 
(Las Palmas Oil and Dehydration Company) using the same diesel engine that has 
already completed standard controlled substance emission testing in accordance with 
the CARB protocol entitled Verification Procedure, Warranty and In-Use Strategies to 
Control Emissions from Diesel Engines as Described in the Final Regulation Order, Title 
13, California Code of Regulations, Sections 2700 through 2710. 

Original emission testing and 1000 hours of durability operation with the same test 
engine was completed in 2004 with Viscon fuel treatment resulting in significant 
reductions of NOx and Particulates compared to original baseline emission 
measurements before fuel treatment with Viscon. 

Subsequent to conclusion of the above testing project, CARB has specified that the 
Viscon treated diesel fuel must additionally be tested as an alternative fuel with detailed 
exhaust emission measurements of uncontrolled substances, including toxic 
hydrocarbons, PAH's and Carbonyls. This new emission report provides all of the 
CARB required data after operating the test engine and measuring emissions in exact 
accordance with CARB pre-approved testing and analysis protocols as described in this 
detailed report. 

Si"nce all of the previous emission and durability testing was conducted over two years 
ago the then available test fuel is no longer available. Accordingly, the same engine 
was operated and tested on commercially available ultra low sulfur diesel fuel that 
meets California ULSD specifications. Baseline emissions were again measured after 
50 hours of stabilizing operation with the new ULSD test fuel. Subsequent stabilizing 
operation for 125 hours with the same fuel treated with Viscon was conducted and 
emissions were again measured for comparison to the new baseline data. 

Test Engine 

The test engine for this project was a Model 3306 six cylinder Caterpillar diesel engine 
rated at 265 HP. This is the same engine (without modification) used in the prior 
emission testing to measure changes in exhaust emissions with the Viscon polymer 
additive admixed to the baseline no. 2 diesel fuel. The previous engine testing is 
described in an ETS (Olson Engineering, Inc.) summary report dated August 19,2003 
providing the data comparisons before durability testing and a second summary report 
(Olson-EcoLogic) dated November 26, 2004 covering the emission/fuel economy 
measurements after 1000 hours of engine durability operation with the Viscon treated 
fuel. Both reports are available upon request. 
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Test Fuel 

Previous testing with the specified test engine was done in 2003 and 2004 using 
commercially available no. 2 diesel fuel for the baseline and Viscon treated test fuel. 
This fuel met California fuel specifications that existed in the earlier time frame, but such 
fuel is no longer available in the California commercial market. Accordingly, all of the 
test work described in this report was done with one batch of commercially available no. 
2 ultra low sulfur diesel fuel. This test fuel has a sulfur content of less than 15 ppm and 
other composition differences compared to the test fuel used in earlier years with this 
engine. Fuel specifications are provided in the Appendix. 

Test Protocol 

As in all previous testing with the specified test engine the official test protocol was the 
ISO 8178 8-mode steady-state test as required for certification of heavy-duty diesel 
engines in off-road applications. This operating test protocol involves the collection and 
analysis of emissions from a hot-start while operating the engine over 8-modes of 
warmed up operation at specific loads and speeds under stabilized conditions. The 
detailed testing cycle is as follows: 

-~~,..- -:-/~~''''··'-''~f,r.'If':·:'?~--:-·:·-';- '-:-'/~7'f")~'I--Y-I"-YO"-~"'f'" -v.....-----,-"'.-~·-.,.·-~-·r_ -... - ~ .
l ·li~[;..l,)j~},:; . : '\?:sr~J.DJ,rl ~-:~;" ~6 .' .;(0j~t r'0('l'l~, ">.;
I~"':"_, ..... --:- ," • .r- - -¥'. ''':~. , .... .J~.!:.'.. .-. .. "" - ... ", ' 

1 15 Rated 100 
2 15 Rated 75 
3 15 Rated 50 
4 10 Rated 10 

10 Max torque, rpm 1005 
6 10 Max torque 75 
7 Max torque 5010 

158 Idle 0 

The engine was operated and emissions were recorded every second of each mode for 
five minutes to stabilize emissions. The last two minutes of each mode were recorded 
second-by-second and averaged to provide the stabilized steady-state emission/fuel 
economy results. 

All engine exhaust for all modes passed through the Horiba Olson-Ecologic dilution 
tunnel. The dilution tunnel was fixed to operate at a total constant flow of 70 cubic 
meters per minute, providing variable exhaust dilution for each mode as a function of 
actual exhaust flow rates. Primary air was measured through the initial critical flow 
venturi (dilution air) and the total temperature corrected volume (Vmix) of dilutant air 
plus exhaust was measured continuously at the second critical flow venturi. The 
calculated dilution ratio mode-by-mode is simply the temperature corrected composite 
total (Vmix) divided by the exhaust flow (Vmix - dilution air). The measured dilution 
ratio is expected to be essentially a constant for the same mode for all tests, but the 
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actual dilution ratios were used as measured for each individual test to allow for test-to
test variance. 

Gaseous emissions for each test mode were measured every tenth of a second for 
each five minutes of mode operation. Only the last two minutes of each mode were 
averaged to provide the stabilized diluted mode data. Dilute data from each mode was 
then multiplied by the specific mode dilution ratio to obtain the raw modal data and then 
multiplied by the appropriate mode weighting factor before adding all eight modes 
together. Finally, the total sum of the weighted modal data was divided by the weighted 
horsepower and by the test time to provide the weighted grams per bhp-hr for direct 
data comparisons to the official emission standards for controlled substances. 

Particulate sampling involved initial calculation of exhaust mass flow per mode from an 
actual full 8-mode test. Secondary dilution ratios in the AVL Smart Sampler calculation 
were programmed for each mode and time of sampling was adjusted to properly 
compensate for specified modal weighting factors. Since the AVL PM Sampler draws 
its sample from the exhaust dilution tunnel for each mode the dilution ratio existing for 
each mode was included in the sample calculation to ultimately determine the total raw 
exhaust volume for proper calculation of the generated particulates in grams/bhp-hr. All 
particulate sampling resulted in the capture of measured and weighted particulates on a 
single filter media for each mode of each 8-mode test (eight complete particulate 
samples per test). 

Exhaust sampling and subsequent gas chromatography analysis for uncontrolled toxic 
hydrocarbons (C2-C12) followed the detailed Standard Operating Procedure (S.O.P.) 
described in the Appendix. Modal sample collection was done for a total of 20 minutes. 
Modes 1, 2, 3 and 8 were collected for three minutes of the five minute mode, while 
modes 4, 5, 6 and 7 were collected for two minutes. Samples were drawn from each 
bag and analyzed by gas chromatography. The overall dilution ratio for the 8-modes 
(20 minutes of testing time) was used to correct and calculate the resulting G.C. data in 
grams/bhp-hr. ((CONCPPb/10-9)(Vmix,ft3)(Density,g/ft3)lWork,bhp-hr). Simultaneously 
samples were drawn and captured for PAH and Carbonyl analysis at an off-site location 
(Desert Research Institute) as described in the Appended S.O.P. for this procedure. 

Tasks Descriptions 

The specific tasks and order of operation were as follows: 

1.	 Modified engine/dyno coupling and adapted engine to dynamometer. 
2.	 Instrumented and MAP engine, verified test cycle and all calibrations - initiated 

engine testing. 
3.	 Operated engine over a representative load cycle for 50 hours on the ULSD test 

fuel. 
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4.	 Conducted nine standard ISO 8178 8-mode baseline emission tests for PM and 
gaseous emissions simultaneously capturing dilute exhaust gas samples from 
three of the tests for in house measurement of toxic hydrocarbons by gas 
chromatography and for off-site (Desert Research Institute) analysis of PAH's 
and Carbonyls. 

5.	 Added the Viscon product to the baseline ULS diesel fuel in the client specified 
concentrations and operated engine over the same load schedule as used in 
Task no. 3 for 125 hours to stabilize emissions. 

6.	 Conducted several unofficial ISO 8178 8-mode tests during emission stabilizing 
operation to assure effectiveness and stabilization of the Viscon product. No 
samples were captured for toxic hydrocarbons, PAH's or Carbonyls during this 
task. 

7.	 Conducted nine ISO 8178 8-mode standard emission tests with the Viscon 
treated fuel, again capturing triplicate samples for toxic hydrocarbons, PAH's and 
Carbonyls exactly as in Task no. 4. 

8.	 Conducted quality audit functions for all data, calculated and reported changes in 
all measured emission caused by the Viscon treated fuel compared to the 
baseline fuel at a 95% confidence level. Prepared final report. 

Test Facility. Equipment and Capability 

All testing discussed in this report was conducted at the Olson-EcoLogic heavy-duty 
engine test facility located in Fullerton, California. All initial engine operation and 
emission testing was conducted in the Olson-EcoLogic test cell 1. The test cell is 
equipped with a 450 horsepower full electric dynamometer, air conditioning and 
conventional sensors for continuous measurement of pressures, temperatures and air 
mass. State-of-the-art Horiba analyzers were used for dilute gas measurement of THC, 
CO, C02, NOx and NO. An AVL Smart Particulate Sampler was used to capture 
particulates and fuel consumption was measured gravimetrically. The test cell 
operation is controlled by a fully integrated Labview based custom software program. 

Heated sample lines were used to transport the exhaust gases to HC, NOx and NO 
analyzers. Calibrations with certified gases were routed to the analysers through the 
same sample lines used to sample the exhaust gases. In all cases the requirements of 
CFR 40 were followed. The particulate filters were conditioned for temperature and 
humidity before and after accumulation of particulates. Air mass to the engine was 
measured by a temperature corrected Sierra Air mass sensor as a secondary backup 
calibrated by the dilution tunnel venturi measurements of diluent air and total Vmix. 
Engine intake air was controlled between 68 and 86 degrees F and fuel temperature 
was controlled to 100 degrees F +/- 10 degrees F as specified in CFR 40. A schematic 
of the complete exhaust gas sampling system is shown in the following figure. 
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The quality management system of Olson-EcoLogic is ISO 9001 :2000 registered. The 
Company is officially recognized by EPA and CARB as a capable emission test facility 
for the protocols used in this project. All test activity was under the direction and 
responsibility of Donel R. Olson. Mr. Olson is a registered professional mechanical 
engineer with 50 years of experience in the measurement and analysis of engine 
emissions. Over twenty engine emission test laboratories in the United States and 
Germany have been under his ownership and direction during the past 35 years. 
Details of the Olson-EcoLogic emission test facility capability can be viewed and 
obtained on the Olson-EcoLogic website (www.ecologiclabs.com). 
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Other 

Olson-EcoLogic Engine Testing Laboratories, LLC was acting as an independent 
contractor and not as agents or employees of the client in the conduct of work related to 
this project. 

The Company does not guarantee the results of any test protocol, however, if repeat 
tests are not within acceptable variances Olson-EcoLogic on their own decision repeats 
the tests at no additional cost to the client. 

Test Results 

All of the exhaust emission tests reported here are listed chronologically in Table 1. 

After several preliminary tests to verify the engine emissions stability, "official" testing 
starting with test no. 8MLP14 using the reference fuel and finished with the ninth test, 
no.8MLP22. This set of tests and the following sets are listed in Table1. 

Viscon additive at the normal concentration of 10z per 20 gallons was admixed in the 
same fuel used to measure baseline emissions and several additional (unofficial) 8
mode tests were conducted during a 125 hour period of typical engine operation. This 
was intended to provide stability of exhaust emissions with the Viscon treated reference 
fuel. 

Beginning with Viscon treated test no. 8MLP35, nine official tests were completed to 
compare to the reference fuel baseline data. 

The third test series, starting with test no. 8MLP46, was a set of three heavy dosage 
tests with Viscon additive admixed to the reference fuel at ten times the normal dosage 
(100z. per 20 gallons). 

The fourth and final set of five tests, with reference fuel only (no Viscon) started with 
test no. 8MLP49, immediately after the data set with 10 times dosage of Viscon. Other 
than engine warm-up and fuel flushing, there was no significant engine operation prior 
to start of this data set. The purpose was to see any residual effect of the Viscon 
additive. 

Concurrently with the above tests, as shown in Tables 2 and 3, data were collected for 
toxic compounds analysis including VOC's, PAH's and Carbonyls. Triplicate sets of data 
were obtained with the baseline reference fuel (test nos. 17, 18, and 19) and for 
comparison, triplicate sets of data were obtained for the Viscon treated reference fuel 
(test nos. 39, 40, and 41). In addition, VOC analyses (only) were conducted for test nos. 
46 and 47, which were tests conducted with 10 times the normal Viscon dosage. 
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Table 2 provides the results of all VOC, PAH and Carbonyl data for the triplicate 
baseline sets compared to the triplicate sets of data obtained with the Viscon treated 
reference fuel. 

Table 3 only provides the VOC data for duplicates of the Viscon heavy dosage tests 
(test nos. 46 and 47). No analysis of these data have been made for PAH and Carbonyl 
results. 

Discussion of Results 

The measured effect of the Viscon additive on all controlled emissions can be seen in 
Tables 1 and 1A. 

The product as demonstrated for the Caterpillar Model 3306 engine under steady-state 
operating conditions will reduce exhaust particulates to satisfy level 1 CARB criteria (25
50%). This result is consistent with earlier data accumulated on the same engine. 

Additional data collection required by CARB involved two major expansions of the 
project. 

1) Exhaust particulates were sampled for each mode of the 8-mode test protocol 
instead of composite sample collection of all 8 modes on one filter media and 

2) Integrated samples over the 8-modes of testing were collected and analyzed 
for toxic hydrocarbons (VOC's), PAH's and Aldehydes. These specific testing 
protocols are described in the appendix. 

Particulate Sampling and Analysis 

The PM sampling for each mode resulted in measurement of PM for eight specific 
conditions for each 8-mode test. To be consistent with the ISO 8-mode test protocol, the 
specific sampling for each mode was weighted by dilution ratio selection and time of 
sampling capture to match the ISO specific weighting factors. Accordingly, modes 1, 2, 
3 and 8 were weighted 15% each and modes 4, 5, 6 and 7 were weighted 10°A> each to 
total 100% for all eight modes. 

The analysis of the PM data was accomplished by weighing the captured PM for each 
mode and dividing that weight by sampling time and the horsepower generated during 
the mode to provide the weighted PM result in grams/hp-hr. For the idle mode, (mode 8) 
this calculation was not possible because hp at idle is zero. Therefore, the idle PM data 
is reported in gr?Jms/hour only. However, the idle PM weight does go into the calculation 
of total weighted grams/bhp-hr. The PM values from all 7 of the other operating modes 
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have been summed and tabulated in Tables 1 and 1A to show the total PM generated in 
grams/bhp-hr. 

The PM measurements illustrate some very interesting reductions in PM caused by the 
Viscon additive. At the rated speed of 2200 RPM and the intermediate speed of 1400 
RPM there is a clear relationship with load as shown below: 

Engine 
2200 RPM 

Load
 
100% 15.3%
 
75%
 29.6% 
50% 28.0% 
10% 35.6% 

1400 RPM 

4.5% 
17.3% 
31.8% 

Simultaneously idle PM (mode 8) was reduced 56% with the Viscon additive. This 
discovery can have specific importance in vehicle and engine operations that involve a 
significant amount of idling operation such as school busses, delivery vehicles, etc. In 
addition to the PM reduction, idle NOx emissions were also reduced over 10% as can 
be seen in Table 1. 

The VOC, PAH and Carbonyl comparisons shown in Tables 2 and 3 for the same tests 
are somewhat of a mixed bag. For example, 1,3-butadiene is beyond the measurable 
data in the exhaust by the Viscon additive. As expected by the technical theory, the 
PAH's also show significant reductions with the Viscon fuel treatment. However, some 
increases were demonstrated for some VOC's and some Carbonyls, which may also be 
expected. 
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Table 1
 
Vlscon California Data Summary Table
 

Caterpillar 3306 Diesel Engine
 
Testing Conducted by Olson·Ecologlc Engine Testing Laboratories 

Testing Conducted October 2006 
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ULSD 8MLP14 58.2·80.1 135.15 1.33 1.88 5.80 5.28 179.42 584.32 0.96 0.129 0.183 0.232 3.094 0.342 0.237 0.234 0.289 20.54 27.31 
ULSD 8MLP15 50.8·58.1 138.21 1.41 1.72 5.88 5.20 178.88 581.81 0.70 0.122 0.145 0.251 2.106 0.373 0.281 0.248 0.250 2.06 28.49 
ULSD 8MLP18 48.1·51.0 138.64 1.41 1.89 5.90 5.12 179.05 582.91 0.72 0.108 0.127 0.251 2.209 0.355 0.281 0.241 0.240 2.06 17.11 
ULSD 8MLP17 54.7·58.4 138.55 1.34 1.71 5.28 4.82 178.53 581.42 0.48 0.122 0.143 0.283 2.221 0.427 0.318 0.292 0.284 14.39 18.38 
ULSD 8MLP18 57.5·59.1 138.93 1.38 1.70 5.75 5.11 178.87 581.75 0.72 0.121 0.145 0.254 2.430 0.392 0.281 0.314 0.297 30.85 25.37 
ULSD 8MLP19 52.7·55.3 138.62 1.40 1.71 5.76 5.05 178.71 581.78 0.72 0.127 0.135 0.207 2.211 0.410 0.265 0.226 0.276 26.72 23.95 
ULSD 8MLP20 51.4·53.3 138.77 1.38 1.63 5.85 5.11 178.17 580.38 0.71 0.118 0.153 0.241 2.322 0.352 0.236 0.241 0.273 26.70 17.85 
ULSD 8MLP21 55.8·58.4 135.71 1.38 1.73 5.93 5.27 177.44 557.85 0.71 0.112 0.141 0.228 2.108 0.348 0.241 0.243 0.248 12.34 27.76 
ULSD 8MLP22 60.9·64.5 138.68 1.42 1.68 5.98 5.36 177.92 559.30 0.79 0.102 0.161 0.210 1.917 0.312 0.208 0.124 0.231 18.51 26.47 

AVERAGES BASELINE 138.382 1.379 1.695 5.790 5.144 178.507 561.255 0.722 0.118 0.148 0.237 2.291 0.388 0.258 0.240 0.285 17.128 23.830 

Viscon 8MLP35 33.9·36.7 134.88 1.52 1.81 5.79 4.94 178.89 554.88 0.74 0.111 0.097 0.141 1.444 0.332 0.179 0.148 0.190 6.16 18.35 
Viscon 8MLP36 37.3·41.9 138.04 1.53 1.82 5.87 5.00 178.64 554.67 0.73 0.087 0.087 0.141 1.404 0.320 0.163 0.131 0.170 2.06 17.74 
Viscon 8MLP37 34.0· 36.6 138.67 1.51 1.87 6.05 5.14 177.54 557.48 0.74 0.090 0.107 0.188 1.478 0.366 0.241 0.139 0.200 2.06 19.91 
Viscon 8MLP38 32.5·35.3 137.01 1.52 1.88 6.27 5.19 178.43 553.96 0.77 0.100 0.100 0.178 1.625 0.352 0.224 0.124 0.197 2.05 16.07 
Viscon 8MLP39 31.0· 41.9 138.Q3 1.53 1.82 6.05 5.09 178.53 580.65 0.74 0.103 0.115 0.182 1.247 0.328 0.200 0.188 0.208 16.45 23.96 
Viscon 8MLP40 34.5·43.2 138.77 1.47 1.84 6.20 5.09 177.78 558.39 0.72 0.097 0.102 0.175 1.439 0.382 0.228 0.182 0.211 10.26 27.18 
Viscon 8MLP41 46.7·50.2 138.77 1.46 1.87 5.88 5.02 176.97 555.84 0.72 0109 0.120 0.204 1.805 0.389 0.257 0.258 0.246 16.43 18.48 
Viscon 8MLP42 47.7·53.3 138.92 1.47 1.81 6.17 5.22 177.19 558.60 0.71 0.096 0.094 0.163 1.513 0.391 0.224 0.183 0.210 10.28 17.51 
Viscon 8MLP43 58.2·58.9 135.92 1.53 1.74 6.06 5.07 176.20 553.38 0.76 0.106 0.117 0.188 1.330 0.301 0.192 0.148 0.188 2.06 31.18 

AVERAGES WITH VISCON 136.332 1.504 1.827 6.036 5.084 177.106 556.206 0.737 0.100 0.105 0.171 1.476 0.351 0.212 0.164 0.202 7.534 21.153 

10XVisconi 8MLP46 161.4·63.2 138.95 1.49 1.77 6,01 5.00 176.22 553.50 0.71 0.104 0.122 0.181 1.658 0.373 0.269 0.197 0.238 18.46 22.64 
lOX Visconl 8MLP47 157.4·61.6 137.03 1.46 1.77 6.09 5.12 175.98 552.82 0.72 0.093 0.127 0.213 1.809 0.349 0.281 0.168 0.232 14.39 26.29 
lOX Visconl 8MLP48 158.2·59.7 
AVERAGES (WITH lOX VISCON 

138.88 
136.953 

1.46 
1.471 

1.77 
1.769 

6.06 
6.053 

5.09 
5.070 

175.93 
176.043 

552.67 
552.997 

0.73 
0.720 

0.102 
0.099 

0.122 
0.124 

0.169 
0.188 

1.331 
1.599 

0.350 
0.357 

0.294 
0.281 

0.219 
0.195 

0.235 
0.234 

24.68 
19.183 

25.89 
24.940 

ULSD 8MLP49 54.4·80.1 138.99 1.44 1.88 6.06 5.09 176.99 558.30 0.75 0.064 0.124 0.150 1.384 0.345 0.216 0.139 0.210 22.61 40.75 
ULSD 8MLP50 60.6·88.4 138.49 1.49 1.72 6.03 5.04 176.64 554.95 0.88 0.124 0.183 0.232 3.098 0.343 0.237 0.234 0.289 20.54 25.22 
ULSD 8MLP51 63.1·64.6 138.33 1.50 1.76 6.12 5.01 176.32 553.80 0.68 0.108 0.140 0.235 2.029 0.392 0.306 0.226 0.279 30.83 32.35 
ULSD 8MLP52 63.5·64.9 135.64 1.47 1.78 5.65 4.95 177.10 558.37 0.64 0.109 0.117 0.222 2.138 0.402 0.294 0.436 0.282 22.61 19.81 
ULSD 8MLP53 59.3·64.5 138.11 1.48 1.82 6.04 5.01 177.42 557.28 0.68 0.111 0.137 0.194 2.067 0.402 0.310 0.255 0.278 30.82 32.71 

AVERAGES BL AFTER VISeON 136.312 1.476 1.748 5.980 5.020 176.894 555.740 0.686 0.107 0.140 0.207 2.139 0.376 0.272 0.258 0.268 25.483 30.168 
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Table 1A
 
Comparison Summary with Corrected Outliers
 

Caterpillar 3306 Diesel Engine
 
Testing Conducted by Olson-Ecologlc Engine Testing Laboratories
 

For Viscon california
 
October 2006
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Viscon 8MLP35 134.86 1.52 1.81 5.79 4.94 176.69 554.88 0.74 0.190 
Viscon 8MLP36 136.04 1.53 1.82 5.87 5.00 176.64 554.67 0.73 0.170 
Viscon 8MLP37 136.67 1.51 1.87 6.05 5.14 177.54 557.48 0.74 0.200 
Viscon 8MLP38 137.01 1.52 1.86 6.27 5.19 176.43 553.96 0.77 0.197 
Viscon 8MLP39 136.03 1.53 1.82 6.05 5.09 178.53 560.65 0.74 0.208 
Viscon 8MLP40 136.77 1.47 1.84 6.20 5.09 177.76 558.39 0.72 0.211 
Viscon 8MLP41 136.77 1.46 1.87 5.86 5.02 176.97 555.84 0.72 0.246 
Viscon 8MLP42 136.92 1.47 1.81 6.17 5.22 177.19 55660 0.71 0.210 
Viscon 8MLP43 135.92 1.53 1.74 6.06 5.07 176.20 553.38 0.76 0.186 

9·Teat Average 136.33 1.50 1.83 6.04 5.08 177.11 556.21 0.74 0.202 
Standard Oevlatlon 0.691 0.029 0.041 0.166 0.090 0.736 2.334 0.019 0.021 

95% Confidence Level 0.451 0.019 0.027 0.108 0.059 0.481 1.525 0.013 0.014 

Baseline compared to Viscon 0.0% 9.1°4 7.8% 4.2% -1.2% -0.8% -0.9% 2.0'4 -23.9% 
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Table 2
 
Percent change of various emissions comparing ULSF to ULSF wI Viscon - Caterpillar 3306 Diesel Engine (Units in g/bhp-hr)
 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006 

ULSF ULSF wi Viseon 
BMLP17 BMLP1B BMLP19 Average BMLP39 BMLP40 BMLP41 Average Change 

VOC's 
1,3-butadiene 

(Analyzed via Gas Chromatography by Olson-EcoLogic Engine Testing Laboratories) 

0.000245 0.000212 0.000300 0.000252 <RL <RL <RL <RL -100% 

benzene 0.008692 0.008825 0.009560 0.009026 0.011935 0.014013 0.012897 0.012948 43% 
toluene 0.004514 0.004058 0.004111 0.004228 0.005860 0.006042 0.006219 0.006040 43% 

ethylbenzene 

m&p-xylene 

0.002038 

0.004081 

0.001774 

0.003440 

0.001621 

0.004175 

0.001811 

0.003898 

0.002025 

0.002775 

0.002119 

0.002875 

0.002183 

0.003084 

0.002109 

0.002911 

160/0 
-25% 

o-xylene 0.002292 0.002320 0.002320 0.002311 0.001828 0.001766 0.001810 0.001801 -22% 

PAH's (Analyzed via Gas Chromatography/Mass Spectrometry by Desert Research Institute) 

naphthalene 

2-methylnaphthalene 

0.0000125192 

0.0000112961 

0.0000071081 

0.0000084828 

0.0000119718 

0.0000095142 

0.0000105330 

0.0000097644 

0.0000051731 

0.0000024317 

0.0000046456 

0.0000027416 

0.0000039993 

0.0000025569 

0.0000046060 

0.0000025767 

-56ok 
-74% 

acenaphthylene 

acenaphthene 

fluorene 

0.0000002048 

0.0000005852 

0.0000005526 

0.0000001814 

0.0000006578 

0.0000005425 

0.0000001930 

0.0000007354 

0.0000005102 

0.0000001930 

0.0000006595 

0.0000005351 

0.0000001683 

0.0000000615 

0.0000001376 

0.0000001606 

0.0000000706 

0.0000001311 

0.0000001573 

0.0000000610 

0.0000001238 

0.0000001621 

0.0000000644 

0.0000001308 

-16°k 
-90% 

-76% 

phenanthrene 

anthracene 

0.0000013504 

0.0000001898 

0.0000013821 

0.0000001834 

0.0000013007 

0.0000001699 

0.0000013444 

0.0000001810 

0.0000004623 

0.0000000647 

0.0000005479 

0.0000000816 

0.0000004993 

0.0000000780 

0.0000005032 

0.0000000748 

-63°k 
-59% 

fluoranthene 0.0000000719 0.0000000720 0.0000000579 0.0000000673 0.0000000559 0.0000000599 0.0000000350 0.0000000503 -25°k 
pyrene 0.0000002207 0.0000002166 0.0000002438 0.0000002270 0.0000001584 0.0000001207 0.0000000982 0.0000001258 -45% 

benz(a)anthracene 

chrysene-triphenylene 

0.0000000074 

0.0000000108 

0.0000000084 

0.0000000105 

0.0000000070 

0.0000000141 

0.0000000076 

0.0000000118 

0.0000000025 

0.0000000073 

0.0000000015 

0.0000000045 

0.0000000006 

0.0000000042 

0.0000000015 

0.0000000054 

-80% 
-55% 

benzo(b+j)fluoranthene 0.0000000016 0.0000000006 0.0000000006 0.0000000010 0.0000000000 0.0000000000 0.0000000010 0.0000000003 -670/0 
benzo(k)fluoranthene 0.0000000005 0.0000000002 0.0000000003 0.0000000003 0.0000000002 0.0000000000 0.0000000003 0.0000000002 -500/0 

SeP 

SaP 

0.0000000013 

0.0000000002 

0.0000000006 

0.0000000000 

0.0000000006 

0.0000000010 

0.0000000009 

0.0000000004 

0.0000000005 

0.0000000000 

0.0000000005 

0.0000000000 

0.0000000006 

0.0000000000 

0.0000000005 

0.0000000000 

-370/0 
-100% 

perylene 

indeno[123-cd]pyrene 

0.0000000006 

0.0000000004 

0.0000000000 

0.0000000000 

0.0000000002 

0.0000000000 

0.0000000003 

0.0000000001 

0.0000000000 

0.0000000002 

0.0000000000 

0.0000000000 

0.0000000000 

0.0000000000 

0.0000000000 

0.0000000001 

-100% 

-50% 

dibenzo(ah+ac)anthracene 0.0000000002 0.0000000000 0.0000000000 0.0000000001 0.0000000000 0.0000000000 0.0000000007 0.0000000002 2990/0 
benzo(ghi)perylene 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000004 0.0000000001 



2 
Table 2 (cant.) 

ULSF ULSF wi Viseon 
8MLP17 8MLP18 8MLP19 Average 8MLP39 8MLP40 8MLP41 Average Change 

Carbonyls (Analyzed via High Performance Liquid Chromatography by Desert Research Institute) 

formaldehyde 0.027876 0.026773 0.027121 0.0~7257 0.035915 0.032348 0.032137 0.033467 23°A, 
acetaldehyde 0.007410 0.007211 0.007535 0.007385 0.009786 0.009169 0.008887 0.009281 260/0 

acetone 0.002020 0.001754 0.001827 0.001867 0.002895 0.002536 0.002490 , 0.002640 410/0 
acrolein 0.000813 0.001405 0.000857 0.001025 0.002133 0.001474 0.001846 0.001817 77% 

propionaldehyde 0.001346 0.001304 0.001346 0.001332 0.001651 0.001444 0.001443 0.001512 14°A, 
crotonaldehyde 0.000904 0.001060 0.001027 0.000997 0.001260 0.001122 0.001175 0.001186 19% 

methyl ethyl ketone 0.000527 0.000410 0.000448 0.000462 0.000484 0.000437 0.000518 0.000480 40/0 
methacrolein 0.000474 0.000491 0.000377 0.000447 0.000635 0.000500 0.000552 0.000562 26°A, 

butyraldehyde 0.004892 0.004370 0.005015 0.004759 0.004111 0.003893 0.004090 0.004031 -15% 
benzaldehyde 0.000631 0.000617 0.000652 0.000633 0.001054 0.000536 0.000583 0.000724 14% 

glyoxal 0.000404 0.000134 0.000429 0.000322 0.000644 0.000631 0.000731 0.000669 1080/0 
valeraldehyde 0.000770 0.000515 0.000567 0.000617 0.000590 0.000424 0.000475 0.000497 -200/0 

m-tolualdehyde 0.000012 0.000025 0.000012 0.000016 0.000126 0.000101 0.000101 0.000110 570% 
hexanaldehyde 0.000350 0.000292 0.000305 0.000316 0.000453 0.000382 0.000270 0.000368 170/0 

Table 3
 
Percent change of various emissions comparing ULSF to ULSF w/10x Viscon - Caterpillar 3306 Diesel Engine (Units in g/bhp-hr)
 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006
 

ULSF ULSF wi 10x Viseon 
8MLP17 BMLP18 8MLP19 Average 8MLP46 8MLP47 Average Change 

VOC's (Analyzed via Gas Chromatography by Olson-EcoLogic Engine Testing Laboratories) 

1,3-butadiene 0.000245 0.000212 0.000300 0.000252 <RL <RL <RL -100% 
benzene 0.008692 0.008825 0.009560 0.009026 0.011786 0.010998 0.011392 26% 
toluene 0.004514 0.004058 0.004111 0.004228 0.005157 0.005194 0.005176 220/0 

ethylbenzene 0.002038 0.001774 0.001621 0.001811 0.001969 0.001515 0.001742 -4% 
m&p-xylene 0.004081 0.003440 0.004175 0.003898 0.002573 0.002435 0.002504 -360/0 

o-xylene 0.002292 0.002320 0.002320 0.002311 0.001691 0.001706 0.001699 -260/0 
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OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

It>ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

8MLP14 (MULn:FILTER) 
BASELINE 

FUEL RT AirMas EngExh ABSHUM 
GMIMIN scfm degiF GR/LB 

Air In 
degF 

Baro P 
InHga 

f/&CAl 
FACTOR 

KNOx 
PPM 

FueUn 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
pslg 

nH/nC 
RATIO 

2200.1 
2200.0 
2200.0 
2199.9 
1399.8 
1399.9 
1400.0 
604.6 

581.8 
469.9 
314.9 
62.1 

790.4 
578.1 
382.3 

0.9 

243.7 
196.8 
131.9 

26.0 
210.7 
154.1 
101.9 

0.1 

5.65 
5.44 
4.91 
3.05 
7.53 
7.37 
6.60 
4.18 

158.41 
102.83 
112.43 
231.83 
890.10 
636.14 
254.49 
264.n 

636.55 
577.94 
460.59 
175.33 
759.78 
756.13 
652.23 
350.15 

5n.96 
531.78 
417.22 
136.49 
694.32 
699.55 
609.87 
279.21 

338.4 
413.0 
532.7 
n9.8 
199.0 
316.8 
480.1 

1051.4 

n6 
583.5 
411.5 
171.5 
568.5 

414 
279.5 

17.5 

493.8 
428.1 
348.2 
258.3 
273.4 
218.1 
176.8 
54.4 

880.7 
828.9 
731.5 
503.0 

1011.0 
944.1 
793.3 
341.6 

59.7 
60.1 
59.3 
58.2 
58.2 
58.6 
58.4 
59.4 

74.7 
76.2 
76.5 
76.3 
75.9 
76.4 
76.4 
76.6 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.023 
0.015 
0.035 
0.035 
0.031 
0.020 

612.27 
556.37 
442.54 
167.99 
n7.98 
n5.17 
625.18 
336.52 

99.9 
101.9 
103.2 
105.3 
99.4 
98.6 
97.5 
91.8 

551.1 
511.9 
400.9 
130.8 
665.3 
670.9 
584.6 
268.4 

70.9 
86.5 

111.5 
165.2 
123.4 
167.5 
220.9 
837.8 

267.5 
326.5 
421.2 
614.7 

75.6 
149.3 
259.1 
213.5 

46.9 
44.9 
43.9 
43.4 
43.9 
43.6 
43.3 
43.9 

57.6 
53.6 
53.1 
53.7 
36.4 
37.2 
40.1 
20.3 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

260.65 
265.31 
266.64 
256.87 

89.57 

245.26 
132.77 
113.11 
153.50 
805.45 

1557.35 1392.2983 
1180.21 1082.5905 
731.43 664.18616 
182.73 145.04685 

1082.24 984.22309 

43560 
35010 
24690 
10290 
34110 

1698575 
1413978 
1096339 
709466 

1008990 

137464.8 
110407.9 
77580.8 
31705.8 

107040.8 

206.3 
210.1 
211.3 
203.5 

34.1 

0.10 
0.08 
0.09 
0.22 
0.09 

10.00 

10.00 
15.00 

6 

7 
8 

106.20 

121.57 
25.83 

428.64 

129.55 
13.07 

802.74 741.70849 

522.84 490.35303 
27.31 22.310359 

24840 

16770 
1050 

750301 

562978 
53735 

78069.3 

52799.8 
3240.5 

50.2 

65.8 
5.4 

0.07 

0.06 
0.20 

WTDAVG BHP= 

WTD AVG GMIH = 

AVG GM/BHPH = 

135.15 

HC 

180.19 

1.33 

KW= 

CO KNOX 

227.35 783.50 

1.68 5.80 

100.78 

KNO 

710 

5.26 

FUEL 

24248 

179.42 

EXHAUST 

942568 

CO2 

76266 

564.32 

NMHC 

130.32 

0.96 

W.F. 

MODE = 

PARTIe. WT, MG • 
Exh.Probe Mass Flow Rate (g/See.)= 

Sample Time (Sec.)= 
Dil.Exh.Sample Mass-Part. Filter (kg) = 

Dil.Tunnel Tot Flow Temp.Corr. (semm)= 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

1.22 
1.087 
180.0 
0.20 

65.08 
5048.84 

31.48 

0.15 
2 

1.11 
0.868 
180.0 
0.16 

65.27 
5063.39 

35.97 

0.15 
3 

0.74 
0.682 
180.0 
0.12 

65.33 
5068.55 

30.55 

0.10 
4 

0.84 
0.441 
120.0 
0.05 

65.34 
5068.82 

80.46 

0.10 
5 

1.47 
0.859 
120.0 
0.10 

65.21 
5059.23 

72.15 

0.10 
6 

0.58 
0.671 
120.0 

0.08 
65.22 

5059.70 
36.45 

0.10 
7 

0.32 
0.567 
120.0 
0.07 

65.24 
5061.06 

23.80 

0.15 
8 

0.10 
0.137 
180.0 
0.02 

65.28 
5064.61 

20.54 

AVG GMlKWH = 1.79 2.26 7.77 7.05 240.60 756.76 1.29 GM/BHPH 0.129 0.183 0.232 3.094 0.342 0.237 0.234 

WTD AVG GM/H = 39.07 

WT AVG N02lNOX RATIO = 0.116224791 WEIGHTED AVG GMlBHPH • 0.289 

WTD AVG GM/KWH = 0.388 

Approved _
~Mode Test Result Ver.2 0812007 



OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
OynTrq 

Ib-n 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP15 (MULTI-FILTER) 
BASELINE 

HC FlO FUEL RT AirMas EngExh A8SHUM 
ppm GMIMIN scfm degiF GR/l8 

Air In 
degF 

8aro P 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

nH/nC 
RATIO 

2200.0 
2199.9 
2199.9 
2200.0 
1400.0 
1399.9 
1400.2 

592.5 

601.1 
468.8 
314.4 
61.9 

790.0 
578.2 
382.2 

-1.4 

251.8 
196.4 
131.7 

25.9 
210.5 
154.1 
101.9 

0.1 

5.86 
5.48 
4.93 
3.06 
7.55 
7.36 
6.66 
3.73 

177.70 
102.07 
118.81 
238.17 
899.37 
643.55 
258.38 
295.83 

669.80 
603.90 
477.06 
182.76 
792.09 
779.49 
682.16 
348.30 

585.77 
541.07 
424.57 
139.45 
702.06 
704.54 
626.74 
268.87 

431.77 
440.17 
554.00 
814.03 
188.32 
308.17 
440.37 
853.89 

738 
579.5 
412.5 

172 
568 

414.5 
281.25 

16.75 

498.1 
423.3 
347.0 
258.0 
272.9 
220.3 
178.2 
52.8 

905.6 
838.1 
740.7 
510.7 

1028.5 
954.0 
801.0 
285.8 

55.6 
56.1 
56.1 
55.3 
54.6 
52.2 
51.3 
50.8 

78.5 
79.2 
79.5 
79.0 
79.1 
78.2 
77.7 
78.0 

30.00 
'30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.028 
0.026 
0.023 
0.Q15 
0.035 
0.034 
0.031 
0.018 

637.62 
575.59 
454.72 
173.86 
752.19 
7'35.86 
642.49 
327.64 

97.8 
99.2 

101.9 
101.7 

97.8 
99.5 
99.0 
91.4 

557.6 
515.7 
404.7 
132.7 
666.7 
665.1 
590.3 
252.9 

236.3 
194.2 
204.2 
303.9 
184.2 
237.2 
267.4 
831.5 

195.5 
246.0 
349.8 
510.1 

4.2 
71.0 

172.9 
22.4 

38.6 
38.0 
37.6 
37.7 
37.1 
36.6 
36.6 
35.8 

52.5 
52.7 
51.1 
52.9 
36.2 
37.6 
40.1 
21.5 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

325.74 
278.67 
276.46 
287.96 

84.51 

269.48 
129.89 
119.18 
157.59 
811.28 

1588.52 1382.0788 
1203.34 1075.4394 
749.33 668.78109 
188.99 147.19242 

1114.71983.13518 

44280 
34770 
24750 
10320 
34080 

1665625 
1393244 
1092833 

708739 
1005486 

139513.28 
109606.15 

77731.28 
31759.86 

106952.12 

148.1 
156.3 
175.3 
169.5 

1.9 

0.13 
0.10 
0.11 
0.24 
0.11 

10.00 

10.00 
15.00 

6 

7 
8 

103.59 

111.37 
22.48 

434.81 

131.34 
15.66 

816.80 737.20553 

5'36.55 494.12535 
28.49 22.479948 

24870 

16875 
1005 

751621 

561913 
57031 

78163.35 

5316'3.50 
3103.81 

23.9 

43.9 
0.6 

0.10 

0.08 
0.23 

WTDAVG BHP = 

WTD AVG GMIH = 

AVG GMlBHPH = 

136.25 

HC 

192.25 

1.41 

KW= 

CO KNOX 

233.63 801.16 

1.71 5.88 

101.60 

KNO 

708 

5.20 

FUEL 

24335 

178.61 

EXHAUST 

934086 

CO2 

76497 

561.45 

NMHC 

95.96 

0.70 

W.F. 

MODE = 
PARTie. WT, MG 

Exh.Probe Mass Flow Rate (glSee.)= 
Sample Time (See.)= 

Dil.Exh.Sample Mass-Part.Filter (kg) = 
Dil.Tunnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kglHr.)= 

Partie. Mass Flow Rate (glHr.)= 

0.15 

1 
1.19 

1.087 
180 

0.20 
65.14 

5053.70 

30.74 

0.15 

2 
0.88 

0.868 
180 

0.16 
65.28 

5064.15 

28.52 

0.15 

3 
0.80 

0.682 
180 

0.1228 
65.35 

5069.57 

33.04 

0.10 

4 
0.57 

0.441 
120 

0.05 
65.37 

5071.34 

54.62 

0.10 

5 
1.60 

0.859 
120 

0.10 
65.20 

5057.89 

78.51 

0.10 

6 
0.64 

0.671 
120 

0.08 
65.23 

5060.49 
40.22 

0.10 
7 

0.34 
0.567 

120 
0.07 

65.21 
5058.80 

25.28 

0.15 

8 
0.01 

0.137 
180 

0.02 
65.33 

5068.23 

2.06 

AVG GM/KWH = 1.89 2.30 7.89 6.97 239.52 752.92 0.94 GM/BHPH 0.122 0.145 0.251 2.106 0.373 0.261 0.248 

WTD AVG GM/H = 34.02 

WT AVG N02lNOX RATIO = 0.137938873 WEIGHTED AVG GM/BHPH • 0.250 

AVGGM/KWH= 0.335 

Approved _8-Mode Test Result Ver.2 0812007 



I>Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP16 (MULTI-FILTER) 
BASELINE 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In Baro P f/aCAl KNOx Fuelln KNO Methane NMHC Humldy OIlP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GMIMIN scfm deglF GRllB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

2200.0 608.1 254.7 5.72 175.70 673.44 573.66 415.46 745.5 505.1 905.4 48.9 75.7 30.00 0.027 630.57 101.1 537.1 221.7 193.7 37.2 52.7 
2200.0 468.5 196.3 5.39 102.82 606.15 531.46 453.87 582.5 428.6 840.2 48.7 76.6 30.00 0.025 567.30 103.4 497.4 193.4 260.5 36.0 49.5 
2200.0 314.8 131.9 4.90 110.54 484.04 423.18 543.09 416 351.6 742.1 48.4 76.9 30.00 0.023 452.73 103.4 395.8 198.6 344.5 35.4 50.3 
2200.0 62.1 26.0 3.09 228.24 184.87 141.20 791.01 173 259.8 514.1 48.1 76.6 30.00 0.015 172.79 103.2 132.0 298.7 492.3 35.5 52.9 
1399.9 788.9 210.3 7.56 892.08 798.32 701.98 193.85 568 271.1 1028.3 48.4 76.7 30.00 0.035 746.70 100.4 656.6 189.9 3.9 35.7 36.0 
1399.8 578.5 154.2 7.44 633.20 794.90 708.55 313.37 415.5 219.0 959.9 48.8 n.6 30.00 0.035 744.16 102.2 663.3 244.8 68.5 34.9 37.2 
1399.9 382.0 101.9 6.76 260.09 689.37 625.21 468.30 280.75 1n.1 805.6 49.0 78.0 30.00 0.032 645.66 101.7 585.6 277.8 190.5 34.5 39.1 
587.4 -1.3 0.0 6.22 300.93 354.49 279.94 828.76 16.25 52.7 299.0 51.0 78.4 30.00 0.029 333.64 93.9 263.5 819.9 8.9 35.5 20.3 

-------GRAMSIHOUR- ----
WT. FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 324.01 275.44 1623.97 1375.5022 44730 1718239 140941.9 151.7 0.15 
15.00 2 293.61 133.69 1211.87 1060.05 34950 1421003 110126.0 169.1 . 0.12 
15.00 3 275.42 112.68 758.17 664.5374 24960 1109042 78413.3 175.4 0.13 
10.00 4 259.02 150.23 186.84 145.51735 10380 704589 31990.6 162.7 0.24 
10.00 5 86.88 803.62 1105.07 966.99423 34080 1003352 106956.7 1.8 0.12 

10.00 6 104.57 424.70 819.99 729.91488 24930 746258 78367.2 22.9 0.11 
10.00 7 116.33 129.87 529.65 481.68002 16845 552294 53054.6 47.5 0.09 
15.00 8 12.87 9.39 17.11 13.683966 975 34358 3048.5 0.1 0.21 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP = 136.67 KW= 101.92 MODE = 1 2 3 4 5 6 7 8 

PARTie. WT, MG • 1.07 0.77 0.80 0.60 1.52 0.64 0.33 0.01 
:xh.Probe Mass Flow Rate (g/See.)= 1.087 0.868 0.682 0.441 0.859 0.671 0.567 0.137 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
I.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTO AVG GMIH = 192.57 230.52 805.82 699 24466 943045 76916 97.94 unnel Tot Flow Temp.Corr. (semm)= 65.03 65.23 65.35 65.37 65.20 65.24 65.23 65.38 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5045.10 5060.48 5069.88 5071.17 5058.19 5061.01 5060.81 5072.11 

AVG GM/BHPH = 1.41 1.69 5.90 5.12 179.01 562.78 0.72 Partie.Mass Flow Rate (g/Hr.)= 27.59 24.94 33.04 57.50 74.59 40.23 24.55 2.06 

AVG GMlKWH= 1.89 2.26 7.91 6.86 240.06 754.71 0.96 GM/BHPH= 0.108 0.127 0.251 2.209 0.355 0.261 0.241 

WTD AVG GM/H = 32.829 

WT AVG N02lNOX RATIO :a 0.146974817 WEIGHTED AVG GM/BHPH = 0.240 

WTD AVG GM/KWH = 0.322 

Approved _I>Mode Test Result Ver.2 08/2007 



OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

It>-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP17 (MULTI-FILTER) 
BASELINE 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GMIMIN scfm deg/F GRllB 

Air In 
degF 

Baro P 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

nHinC 
RATIO 

2200.0 
2200.0 
2200.0 
2200.0 
1399.9 
1400.0 
1400.0 
590.5 

604.9 
469.6 
314.7 

61.8 
789.6 
578.6 
382.2 

0.7 

253.4 
196.7 
131.8 
25.9 

210.4 
154.2 
101.9 

0.0 

5.80 
5.49 
4.98 
3.16 
7.74 
7.58 
6.86 
5.12 

183.08 
109.75 
118.62 
228.07 
912.76 
657.07 
262.26 
287.57 

610.16 
550.34 
424.16 
161.15 
708.90 
689.29 
594.44 
307.97 

557.56 
513.57 
389.13 
112.34 
665.50 
650.04 
536.12 
290.65 

406.71 
442.73 
537.02 
792.96 
169.01 
291.77 
434.65 
706.42 

741 
583.5 
413.5 

170 
568.5 
413.5 
279.5 
16.25 

500.4 
426.0 
346.9 
258.2 
272.9 
218.6 
177.2 
54.3 

911.3 
850.1 
747.7 
516.7 

1033.4 
962.0 
806.2 
338.1 

54.7 
56.0 
56.7 
56.7 
56.9 
57.2 
57.4 
58.4 

78.6 
79.8 
79.8 
79.7 
79.5 
79.7 
79.7 
79.8 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.024 
0.015 
0.036 
0.035 
0.032 
0.024 

579.54 
524.46 
404.86 
153.85 
677.05 
658.80 
568.36 
295.19 

103.4 
106.0 
107.3 
107.7 
104.8 
104.8 
104.9 
98.8 

529.58 
489.41 
371.42 
107.24 
635.60 
621.29 
512.60 
278.60 

322.98 
282.88 
279.48 
415.55 
169.01 
291.77 
388.81 
706.42 

83.72 
159.85 
257.54 
377.42 

95.85 
53.88 
45.84 

535.76 

37.74 
37.26 
37.59 
37.78 
38.18 
38.16 
38.19 
38.70 

49.66 
48.55 
50.18 
52.67 
36.02 
37.19 
40.04 
20.11 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

311.05 
281.88 
266.25 
249.76 

74.02 

281.45 
140.45 
118.21 
144.39 
803.57 

1463.68 1329.9143 
1102.66 1026.3731 
662.83 609.5737 
160.02 113.71427 
979.25 914.64182 

44460 
35010 
24810 
10200 
34110 

1687536 
1401200 
1086266 
678946 
983296 

140113.88 
110343.47 
77956.07 
31456.06 

107092.87 

64.4 
102.3 
128.4 
120.4 
42.0 

0.09 
0.07 
0.08 
0.30 
0.06 

10.00 

10.00 
15.00 

6 

7 
8 

95.12 

105.97 
13.31 

430.57 

128.53 
10.89 

709.23 667.78798 

457.60 413.62956 
18.36 17.563971 

24810 

16770 
975 

730829 

543164 
41333 

78005.74 

52850.70 
3044.77 

17.6 

11.2 
10.1 

0.06 

0.10 
0.06 

WTDAVG BHP= 

WTD AVG GM/H = 

AVG GMlBHPH = 
AVG GMlKWH = 

136.53 

HC 

183.36 

1.34 

1.80 

KW= 

CO KNOX 

233.36 717.74 

1.71 5.26 

2.29 7.05 

101.81 

KNO 

658 

4.82 

6.47 

FUEL 

24377 

178.54 

239.43 

EXHAUST 

926074 

CO2 

76659 

561.47 

752.94 

NMHC 

64.91 

0.48 

0.64 

W.F. 0.15 
MODE = 1 

PARTie. WT, MG • 1.20 
Exh.Probe Mass Flow Rate (g/See.)= 1.087 

Sample Time (Sec.)= 180 
Dil.Exh.Sample Mass-Part Filter (kg) = 0.196 

Dil.Tunnel Tot Flow Temp.Corr. (semm)= 65.04 
Dil.Tunnel Tot Mass Flow (kglHr.)= 5045.96 

Partie. Mass Flow Rate (glHr.)= 30.9473 

0.15 
2 

0.87 
0.868 

180 
0.156 
65.31 

5066.95 
28.2146 

0.15 
3 

0.84 
0.682 

180 
0.123 
65.31 

5067.04 
34.6718 

0.10 
4 

0.60 
0.441 

120 
0.053 
65.37 

5071.25 
57.4971 

0.10 
5 

1.83 
0.859 

120 
0.103 
65.20 

5058.16 
89.7985 

0.10 
6 

0.78 
0.671 

120 
0.081 
65.24 

5061.63 
49.0322 

0.10 
7 

0.40 
0.567 

120 
0.068 
65.24 

5061.23 
29.7544 

0.15 
8 

0,07 
0.137 

180 
0.025 
65.34 

5068.85 
14.3884 

GM/BHPH 0.122 0.143 0.263 2.221 0.427 0.318 0.292 

WT AVG N02lNOX RATIO = 64.90954311 

WfD AVG GM/H = 

WEIGHTED AVG GMlBHPH 

38.842 

0.284 

WfD AVG GM/KWH = 0.381 

ApprO\led _8-Mode Test Result Ver.2 0812007 



~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VlseON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP18 (MULTI-FILTER) 
BASELINE 

HC FID FUEL RT AirMas EngExh ABSHUM 
ppm GMIMIN scfm deglF GRILB 

Air In 
degF 

Baro P 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OIlP 
psig 

nH/nC 
RATIO 

2199.9 
2200.0 
2200.0 
2200.0 
1400.1 
1400.0 
1399.8 
581.3 

610.9 
469.2 
315.2 
62.2 

789.1 
578.5 
382.2 

0.8 

255.9 
196.6 
132.0 
26.0 

210.3 
154.2 
101.8 

0.1 

5.n 
5.40 
4.88 
3.03 
7.53 
7.35 
6.58 
4.39 

174.36 
103.52 
115.01 
230.02 
891.31 
639.39 
250.66 
284.86 

633.06 
580.13 
461.90 
170.75 
768.79 
749.96 
639.72 
345.90 

543.52 
519.98 
412.82 
135.06 
694.80 
696.71 
616.59 
284.87 

396.6 
439.5 
535.8 
767.2 
193.2 
313.7 
458.7 
874.1 

749 
581.5 
413.5 
171.5 

568 
415 
281 

17.25 

505.4 
428.2 
350.0 
259.0 
273.0 
219.2 
178.2 
53.0 

901.7 
842.6 
744.8 
510.9 

1028.7 
957.0 
802.8 
385.7 

58.5 
59.3 
59.1 
58.4 
58.0 
58.0 
57.5 
58.4 

77.0 
78.1 
78.4 
78.0 
77.7 
77.9 
n.8 
78.1 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.025 
0.023 
0.015 
0.035 
0.034 
0.031 
0.021 

606.97 
557.38 
443.61 
163.69 
736.33 
718.15 
611.92 
331.57 

101.3 
104.1 
105.2 
105.2 
104.7 
106.6 
104.0 
99.5 

521.1 
499.6 
396.5 
129.5 
665.5 
667.2 
589.8 
273.1 

206.8 
184.1 
181.8 
277.2 
189.8 
243.9 
268.2 
842.9 

189.8 
255.4 
353.9 
490.0 

3.4 
69.8 

190.5 
31.2 

42.6 
41.6 
41.1 
41.2 
41.2 
41.0 
40.8 
41.0 

54.3 
50.3 
50.6 
52.6 
36.1 
37.2 
40.1 
18.7 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

311.04 
283.38 
270.72 
254.48 

86.93 

274.83 
134.17 
116.81 
153.36 
806.11 

1571.80 1341.304 
1186.82 1061.0038 
740.17 663.16177 
179.30 144.57814 

1094.05 983.9268 

44940 
34890 
24810 
10290 
34080 

1729985 
1418609 
1106512 
714316 

1008399 

141652.39 
109966.59 
77944.16 
31713.55 

106952.62 

149.4 
165.3 
179.5 
164.0 

1.5 

0.14 
0.10 
0.11 
0.21 
0.10 

10.00 

10.00 
15.00 

6 
7 
8 

105.75 

117.13 
20.25 

433.30 

128.66 
13.27 

799.54 741.75855 

516.02 498.68402 
25.37 21.298028 

24900 

16860 
1035 

754388 

567536 
50540 

78254.40 

53101.75 
3210.11 

23.6 

48.9 
0.7 

0.07 

0.04 
0.18 

WTD AVG BHP = 

WTD AVG GMIH = 

AVG GMlBHPH = 

136.93 

HC 

189.24 

1.38 

KW= 

CO KNOX 

233.00 787.51 

1.70 5.75 

102.11 

KNO 

700 

5.11 

FUEL 

24464 

178.67 

EXHAUST 

950311 

CO2 

76918 

561.75 

NMHC 

98.03 

0.72 

W.F. 

MODE = 
PARTie. WT, MG 

:xh.Probe Mass Flow Rate (g/See.)= 
Sample Time (See.)= 

.Exh.Sample Mass-Part. Filter (kg) = 
unnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kglHr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

1.20 
1.087 

180 
0.20 

65.02 
5044.29 

30.937 

0.15 0.15 

2 3 
0.88 0.81 

0.868 0.682 
180 180 

0.16 0.1228 
65.16 65.38 

5054.77 5072.144 

28.470 33.467 

0.10 

4 
0.66 

0.441 
120 

0.05 
65.37 

5071.70 
63.253 

0.10 

5 
1.68 

0.859 
120 

0.10 
65.18 

5056.48 
82.411 

0.10 

6 
0.69 

0.671 
120 

0.08 
65.23 

5060.61 
43.366 

0.10 

7 
0.43 

0.567 
120 

0.07 
65.24 

5061.27 

31.986 

0.15 

8 
0.15 

0.137 
180 

0.02 
65.37 

5071.44 
30.848 

AVGGM/KWH= 1.85 2.28 7.71 6.85 239.60 753.32 0.96 GM/BHPH 0.121 0.145 0.254 2.430 0.392 0.281 0.314 

WTD AVG GMIH = 40.660 

WT AVG N02lNOX RATIO = 0.120413745 WEIGHTED AVG GM/BHPH  0.297 

WTDAVG GMIKWH = 0.398 

ApprO'led _8-Mode Test Result Ver.2 0812007 



8-Mode Test Results 

Mode 
EngSpd 

RPM 
DynTrq 

I~ft 

EngPwr 
Hp 

CO2 
% 

CO 
ppm 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-Mode Testing of Viscon Polymer 

8MLP19 (MULTI-FILTER) 
BASELINE 

NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In BaroP 
ppm ppm ppm GM/MIN scfm deg/F GRllB degF InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
pslg 

2199.9 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
586.2 

605.0 
469.8 
314.9 

62.1 
790.7 
578.2 
382.4 

0.8 

253.4 
196.8 
131.9 
26.0 

210.8 
154.2 
101.9 

0.1 

5.80 
5.50 
4.99 
3.19 
7.66 
7.51 
6.80 
4.81 

176.97 
110.60 
120.31 
238.73 
897.33 
670.35 
261.22 
338.67 

658.26 
590.32 
469.58 
180.74 
794.08 
783.60 
679.78 
367.30 

560.53 
531.19 
418.63 
140.12 
699.43 
701.67 
615.36 
304.00 

418.73 
463.90 
550.41 
811.99 
197.02 
314.17 
445.34 
949.07 

744.5 
583 

414.5 
172 
569 
413 

276.5 
17 

503.9 
430.2 
349.9 
259.9 
272.8 
219.5 
176.8 
53.1 

906.3 
841.6 
743.4 
514.2 

1026.9 
957.6 
804.7 
383.4 

55.3 
54.4 
54.0 
53.7 
53.2 
52.8 
52.7 
54.4 

75.6 
76.8 
77.2 
77.1 
76.8 
77.1 
77.3 
77.9 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.024 
0.016 
0.036 
0.035 
0.032 
0.023 

626.26 
560.31 
445.22 
171.24 
751.43 
740.80 
642.48 
348.67 

103.7 
106.4 
106.9 
106.0 
101.8 
102.4 
102.3 
99.3 

533.3 
504.2 
396.9 
132.8 
661.9 
663.4 
581.6 
288.6 

220.7 
194.9 
190.3 
294.4 
193.0 
254.1 
277.7 
835.4 

198.00 
269.02 
360.07 
517.59 

3.99 
60.04 

167.60 
113.65 

42.3 
39.9 
39.0 
38.9 
39.0 
38.3 
38.1 
38.6 

54.1 
49.7 
50.2 
52.8 
35.8 
36.7 
39.7 
18.8 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

----

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

321.53 
294.46 
272.60 
256.11 
87.28 

273.15 
141.11 
119.77 
151.36 
798.97 

1587.99 1344.751 
1174.46 1054.556 
728.16 650.8972 
178.36 141.0157 

1099.18 963.5473 

44670 
34980 
24870 
10320 
34140 

1694480 
1396737 
1084892 
679805 
993294 

140762.36 
110207.19 
78124.55 
31807.06 

107153.75 

152.6 
171.4 
179.0 
164.7 

1.8 

0.15 
0.10 
0.11 
0.22 
0.12 

10.00 

10.00 
15.00 

6 

7 
8 

103.09 

108.37 
19.74 

442.14 

127.77 
14.16 

802.73 717.8688 

516.30 468.5155 
23.95 20.2007 

24780 

16590 
1020 

734755 

541494 
45588 

77866.88 

52271.27 
3162.58 

19.8 

.41.0 
2.4 

0.10 

0.09 
0.17 

WTDAVG BHP= 

WTO AVG GMIH = 

AVG GM/BHPH = 

136.62 

HC 

191.74 

1.40 

KW= 

CO KNOX 

234.25 786.84 

1.71 5.76 

101.87 

KNO 

690 

5.05 

FUEL 

24414 

178.71 

EXHAUST 

928189 

CO2 

76748 

561.78 

NMHC 

98.53 

0.72 

W.F. 0.15 
MODE = 1 

PARTIe. WT, MG = 1.25 
:xh.Probe Mass Flow Rate (g/See.)= 1.087 

Sample Time (See.)= 180 
I.Exh.Sample Mass-Part.Filter (kg) = 0.20 
unnel Tot Flow Temp.Corr. (semm)= 65.11 

Oil.Tunnel Tot Mass Flow (kg/Hr.)= 5051.29 
Partie.Mass Flow Rate (g/Hr.)= 32.271 

0.15 
2 

0.82 
0.868 

180 
0.16 

65.28 
5064.62 

26.581 

0.15 
3 

0.66 
0.682 

180 
0.12 

65.34 
5069.43 

27.255 

0.10 
4 

0.60 
0.441 

120 
0.05 

65.37 
5071.71 
57.502 

0.10 
5 

1.76 
0.859 

120 
0.10 

65.20 
5058.45 

86.368 

0.10 
6 

0.65 
0.671 

120 
0.08 

65.23 
5060.83 

40.854 

0.10 
7 

0.31 
0.567 

120 
0.07 

65.26 
5063.23 

23.069 

0.15 
8 

0.13 
0.137 

180 
0.02 

65.34 
5069.15 

26.723 

AVG GMlK\NH z 1.88 2.30 7.72 6.n 239.65 753.36 0.97 GM/BHPH= 0.127 0.135 0.207 2.211 0.410 0.265 0.226 

WfO AVG GM/H = 37.704 

WT AVG N02lNOX RATIO z 0.133748634 WEIGHTED AVG GM/BHPH = 0.276 

WfO AVG GM/KVVH = 0.370 

Approved _8-Mode Test Result Ver.2 0812007 



~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP20 (MULTI-FILTER) 
BASELINE 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GMIMIN sefm de~F GRllB 

Air In 
degF 

BaroP 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OUP 
pslg 

2200.0 
2200.0 
2200.1 
2200.0 
1400.0 
1399.9 
1399.9 
592.3 

607.7 
469.8 
314.9 
62.1 

789.4 
578.7 
382.2 

0.9 

254.6 
196.8 
132.0 
26.0 

210.4 
154.2 
101.9 

0.1 

5.80 
5.45 
4.93 
3.17 
7.59 
7.47 
6.71 
5.99 

170.27 
105.04 
119.05 
234.83 
867.19 
599.19 
240.74 
292.71 

674.00 
601.26 
480.74 
185.73 
800.42 
798.58 
686.22 
343.90 

581.66 
534.63 
422.35 
142.53 
701.27 
708.81 
618.37 
268.33 

399.96 
440.22 
534.65 
781.19 
198.73 
305.83 
449.19 

830.5 

744.5 
581.5 
413.5 

172 
565 
412 
278 

16.75 

504.6 
430.8 
352.0 
259.5 
273.9 
218.9 
175.8 
53.8 

906.8 
838.1 
741.3 
511.5 

1020.2 
953.8 . 
799.9 
376.8 

52.1 
51.8 
51.4 
51.5 
51.5 
51.4 
51.4 
53.3 

73.8 
74.5 
74.8 
74.6 
74.2 
74.5 
74.6 
75.2 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.023 
0.015 
0.036 
0.035 
0.031 
0.028 

636.12 
567.07 
452.94 
175.04 
754.35 
752.33 
646.50 
325.52 

101.5 
103.9 
105.4 
104.9 
100.0 
101.2 
100.5 
98.1 

549.0 
504.2 
397.9 
134.3 
660.9 
667.8 
582.6 
254.0 

208.5 
179.1 
182.9 
281.4 
194.9 
247.2 
268.9 

749.0187 

191.4 
261.1 
351.8 
499.7 

3.8 
58.7 

180.3 
81.4 

42.3 
41.0 
40.3 
40.7 
41.2 
40.7 
40.6 
41.2 

52.4 
49.9 
50.2 
53.1 
36.1 
37.2 
39.7 
19.2 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

307.59 
281.24 
267.70 
248.77 

88.23 

263.21 
134.89 
119.82 
150.31 
773.85 

1615.48 1385.9814 
1196.35 1061.047 
748.90 659.5425 
184.07 143.93756 

1105.90 964.32358 

44670 
34890 
24810 
10320 
33900 

1696251 
1404738 
1095767 
685974 
994629 

140822.01 
109972.20 
77948.96 
31831.90 

106426.17 

147.7 
167.4 
176.8 
160.5 

1.7 

0.14 
0.11 
0.12 
0.23 
0.12 

10.00 

10.00 
15.00 

6 

7 
8 

100.82 

111.39 
13.79 

397.05 

120.00 
9.77 

819.02 725.94047 

529.43 478.28989 
17.85 14.115439 

24720 

16680 
1005 

737748 

551283 
36735 

77753.88 

52560.46 
3140.52 

19.4 

44.9 
1.4 

0.11 

0.10 
0.22 

WTDAVG BHP = 

WTO AVG GM/H = 

AVG GM/BHPH = 

AVG GM/KWH = 

136.77 

HC 

185.47 

1.36 

1.82 

KW= 

CO KNOX 

223.27 800.63 

1.63 5.85 

2.19 7.85 

101.99 

KNO FUEL 

699 24368 

5.11 178.17 

6.86 238.93 

EXHAUST 

931987 

CO2 

76640 

560.36 

751.45 

NMHC 

96.64 

0.71 

0.95 

W.F. 

MODE-

PARTie. WT, MG • 

Exh.Probe Mass Flow Rate (~sec.)= 

Sample Time (see.)= 

DiI.Exh.Sample Mass-Part.Filter (kg) = 

Oil.Tunnel Tot Flow Temp.Corr. (scmm)= 

Oil.Tunnel Tot Mass Flow (k~Hr.)= 

Partie.Mass Flow Rate (~Hr.)= 

GM/BHPH= 

0.15 
1 

1.16 
1.087 

180 
0.20 

65.09 
5049.5 
29.937 

0.118 

0.15 
2 

0.93 
0.868 

180 
0.16 

65.30 
5066.3 
30.156 

0.153 

0.15 
3 

0.77 
0.682 

180 
0.1228 

65.36 
5070.8 
31.806 

0.241 

0.10 
4 

0.63 
0.441 

120 
0.05 

65.36 
5070.7 
60.366 

2.322 

0.10 
5 

1.51 
0.859 

120 
0.10 

65.21 
5058.7 
74.103 

0.352 

0.10 
6 

0.58 
0.671 

120 
0.08 

65.25 
5062.4 
36.466 

0.236 

0.10 
7 

0.33 
0.567 

120 
0.07 

65.25 
5062.2 
24.552 

0.241 

0.15 
8 

0.13 
0.137 

180 
0.02 

65.29 
5065.2 
26.702 

WT AVG N02lNOX RATIO = 0.145129416 
wro AVG GM/H = 

WEIGHTED AVG GM/BHPH = 

37.339 

0.273 

wro AVG GM/KWH = 0.366 

Approved _~Mode Test Result Ver.2 0812007 



~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

Il>ft 
EngP'M 

Hp 
CO2 
% 

CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP21 (MULTI-FILTER) 
BASELINE 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GMIMIN scfm deglF GRILB 

Air In 
degF 

Baro P 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

nHlnC 
RATIO 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
575.7 

614.0 
448.6 
314.8 
61.9 

789.6 
578.2 
378.5 

1.1 

257.2 
187.9 
131.9 
25.9 

210.4 
154.0 
101.0 

0.1 

5.85 
5.43 
4.85 
2.88 
7.35 
7.06 
6.13 
3.31 

184.35 
99.23 

113.98 
224.34 
886.26 
631.99 
246.51 
217.49 

668.84 
590.43 
469.25 
169.67 
790.87 
786.63 
665.67 
309.57 

589.93 
533.76 
418.51 
130.24 
708.99 
715.10 
606.65 
247.92 

396.29 
412.90 
540.52 
787.91 
176.90 
297.50 
450.31 
799.42 

746.5 
554.5 
410.5 

168 
567 
412 
275 

16 

499.2 
406.1 
343.7 
256.3 
270.6 
217.8 
175.1 
52.5 

914.2 
838.1 
746.5 
513.3 

1030.8 
961.6 
804.5 
392.7 

56.6 
56.0 
55.8 
57.3 
58.4 
57.5 
56.9 
57.8 

80.8 
81.9 
81.5 
SO.O 
79.2 
79.2 
78.9 
78.8 

29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 

0.028 
0.026 
0.023 
0.014 
0.034 
0.033 
0.029 
0.016 

638.27 
562.60 
446.99 
162.20 
758.10 
752.48 
635.68 
296.33 

97.1 
100.1 
101.8 
102.5 
103.6 
103.4 
100.7 
94.0 

563.0 
508.6 
398.7 
124.5 
679.6 
684.1 
579.3 
237.3 

214.0 
165.4 
176.0 
270.9 
175.7 
234.2 
254.9 
752.5 

182.3 
247.5 
364.5 
517.0 

1.2 
63.3 

195.4 
46.9 

36.2 
34.6 
35.0 
37.7 
39.4 
38.9 
38.8 
39.5 

56.2 
53.6 
51.2 
53.4 
35.9 
36.8 
40.0 
18.3 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

302.67 
252.60 
272.90 
268.40 

81.40 

283.01 
122.03 
115.67 
153.61 
819.73 

1609.78 1411.4876 
1136.60 1024.8661 
745.25 666.42384 
182.46 143.01999 

1151.96 1027.3166 

44790 
33270 
24630 
10080 
34020 

1686441 
1345745 
1104860 
732524 

1029734 

141188.45 
104925.58 
77366.01 
31000.66 

106757.67 

139.7 
151.9 
184.7 
177.7 

0.6 

0.12 
0.10 
0.11 
0.23 
0.10 

10.00 

10.00 
15.00 

6 

7 
8 

103.61 

120.74 
22.68 

442.42 

132.85 
12.40 

865.41 785.46522 

562.82 514.36763 
27.76 22.753645 

24720 

16500 
960 

777313 

593483 
61326 

77673.79 

51937.73 
2965.05 

22.1 

52.6 
1.4 

0.09 

0.09 
0.20 

WTDAVG BHP = 

WTD AVG GM/H = 

AVG GMlBHPH = 

135.71 

HC 

185.04 

1.36 

KW= 

CO KNOX 

234.83 804.17 

1.73 5.93 

101.20 

KNO 

716 

5.27 

FUEL 

24080 

177.44 

EXHAUST 

943061 

CO2 

75704 

557.85 

NMHC 

96.95 

0.71 

W.F. 

MODE= 
PARTie. WT. MG = 

Exh.Probe Mass Flow Rate (g/See.)= 
Sample Time (See.)= 

Dil.Exh.Sample Mass-Part.Filter (kg) = 
Dil.Tunnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kglHr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 

1 
1.12 

1.087 
180 

0.20 
65.10 

5050.1 

28.908 

0.15 

2 
0.82 

0.868 
180 

0.16 
65.29 

5064.8 

26.582 

0.15 

3 
0.73 

0.682 
180 

0.1228 
65.32 

5067.4 

30.134 

0.10 

4 
0.57 

0.441 
120 

0.05 
65.37 

5071.6 

54.626 

0.10 

5 
1.49 

0.859 
120 

0.10 
65.23 

5060.2 

73.144 

0.10 

6 
0.59 

0.671 
120 

0.08 
65.22 

5060.1 

37.078 

0.10 

7 
0.33 

0.567 
120 

0.07 
65.26 

5062.9 

24.555 

0.15 

8 
0.06 

0.137 
180 

0.02 
65.35 

5069.8 

12.335 

AVG GM/KWH = 1.83 2.32 7.95 7.07 237.95 748.09 0.96 GM/BHPH= 0.112 0.141 0.228 2.108 0.348 0.241 0.243 

WTD AVG GM/H = 33.634 

WT AVG N02lNOX RATIO = 0.129745756 WEIGHTED AVG GM/BHPH· 0.248 

WTD AVG GM/KWH = 0.332 

Approved _8-Mode Test Result Ver.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESnNG LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

Il>ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP22 (MULn-FILTER) 
BASELINE 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GM/MIN scfm deglF GR/LB 

Air In 
degF 

BaroP 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

nHlnC 
RATIO 

2200.0 
2199.9 
2199.9 
2200.0 
1399.9 
1399.9 
1399.9 
567.4 

613.4 
462.9 
314.9 
62.0 

790.1 
577.9 
382.2 

1.3 

256.9 
193.9 
131.9 
26.0 

210.6 
154.0 
101.8 

0.1 

5.83 
5.45 
4.88 
2.98 
7.49 
7.29 
6.45 
3.91 

175.86 
103.69 
114.78 
233.05 
892.77 
609.76 
232.93 
303.17 

671.79 
606.71 
469.83 
168.73 
783.54 
766.65 
655.31 
344.97 

590.74 
551.32 
423.19 
131.46 
714.10 
706.80 
611.93 
298.71 

410.45 
447.68 
552.60 
808.75 
197.22 
316.95 
477.10 
990.20 

• 

749.5 
577.5 

412 
169 
564 

410.5 
277 

16 

507.9 
423.0 
346.1 
260.3 
2n.4 
219.0 
178.5 
51.9 

906.9 
842.6 
740.5 
510.7 

1023.8 
955.2 
800.6 
392.0 

64.5 
61.6 
61.5 
62.0 
61.4 
60.9 
61.0 
62.7 

74.8 
75.9 
76.4 
75.9 
75.6 
76.0 
75.9 
76.2 

29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 

0.027 
0.026 
0.023 
0.015 
0.035 
0.034 
0.030 
0.019 

653.98 
566.22 
453.93 
163.21 
756.85 
739.52 
632.26 
334.25 

98.0 
100.2 
101.1 
101.3 
102.6 
102.7 
100.8 
93.8 

575.1 
532.7 
408.9 
127.2 
689.8 
681.8 
590.4 
289.4 

202.4 
169.1 
172.1 
265.2 
179.2 
231.1 
249.7 
959.0 

208.0 
278.6 
380.5 
543.6 

18.1 
85.8 

227.4 
31.2 

50.3 
46.2 
45.6 
46.6 
46.7 
45.7 
45.8 
46.7 

58.8 
55.9 
53.4 
53.2 
37.1 
37.8 
40.5 
17.9 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

316.00 
283.98 
278.61 
267.76 

88.57 

2n.15 
132.21 
116.32 
155.09 
805.92 

1662.68 
1227.95 

755.75 
178.44 

1122.43 

1453.7156 
1113.2275 
682.6n5 

141.96456 
1018.043 

44970 
34650 
24720 
10140 
33840 

1792279 
1467868 
1160838 
750081 

1057411 

141736.45 
109203.73 
77633.47 
31191.37 

106183.69 

160.7 
177.3 
192.5 
181.5 

8.1 

0.12 
0.09 
0.10 
0.22 
0.09 

10.00 

10.00 
15.00 

6 

7 
8 

106.59 

122.63 
23.75 

412.18 

120.34 
14.62 

821.28 

536.66 
26.47 

756.2068 

502.68377 
23.489638 

24630 

16620 
960 

790070 

599557 
54804 

77425.37 

52333.40 
2958.19 

28.9 

58.7 
0.8 

0.08 

0.07 
0.13 

WTDAVG BHP= 

WTD AVG GM/H = 

AVG GMlBHPH = 

136.68 

HC 

193.91 

1.42 

KW= 

CO KNOX 

229.65 816.81 

1.68 6.98 

101.92 

KNO 

733 

6.36 

FUEL 

24318 

177.92 

EXHAUST 

991080 

CO2 

76443 

659.30 

NMHC 

107.41 

0.79 

W.F. 

MODE= 
PARTie. WT, MG • 

:xh.Probe Mass Flow Rate (glSee.)= 
Sample Time (See.)= 

.Exh.Sample Mass-Part.Filter (kg) = 
unnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kglHr.)= 

Partie. Mass Flow Rate (g/Hr.)= 

0.15 

1 
1.02 

1.087 
180 

0.20 
65.10 

5050.7 

26.330 

0.15 

2 
0.96 

0.868 
180 

0.16 
65.37 

5071.2 

31.159 

0.15 

3 
0.67 

0.682 
180 

0.12 
65.33 

5068.7 

27.664 

0.10 

4 
0.52 

0.441 
120 

0.05 
65.37 

5071.4 

49.832 

0.10 

5 
1.34 

0.859 
120 

0.10 
65.18 

5056.8 
65.737 

0.10 

6 
0.51 

0.671 
120 

0.08 
65.23 

5060.6 
32.053 

0.10 

7 
0.17 

0.567 
120 

0.07 
65.24 

5061.6 

12.647 

0.15 

8 
0.09 

0.137 
180 

0.02 
65.36 

5070.9 

18.507 

AVGGM/KWH = 1.90 2.25 8.01 7.19 238.60 750.03 1.05 GM/BHPH= 0.102 0.161 0.210 1.917 0.312 0.208 0.124 

WTD AVG GM/H = 31.576 

WT AVG N02lNOX RATIO = 0.112176474 WEIGHTED AVG GM/BHPH • 0.231 

WTD AVG GM/KWH = 0.310 

Approved _8-Mode Test Result Ver.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VlseON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

It>ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP35 (MULTI-FI~TER) 
wNiscon 

HC FID FUEL RT AirMas EngExh ABSHUM 
ppm GMiMIN sctm degiF GR/LB 

Air In 
degF 

Baro P 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

nH/nC 
RATIO 

2200.0 
2200.0 
2200.0 
2199.9 
1400.0 
1400.0 
1400.0 
576.0 

577.4 
470.1 
315.3 
61.9 

788.7 
578.3 
382.1 

1.3 

241.9 
196.9 
132.1 
25.9 

210.2 
154.1 
101.9 

0.1 

5.84 
5.62 
5.05 
3.14 
7.67 
7.49 
6.69 
4.51 

201.33 
124.68 
134.82 
256.17 
912.62 
694.23 
257.33 
358.00 

720.69 
661.20 
515.14 
179.66 
809.01 
803.87 
686.30 
307.22 

599.91 
565.74 
445.53 
138.93 
691.29 
705.26 
615.93 
251.31 

486.14 
515.32 
613.67 
851.37 
184.23 
337.22 
502.25 
944.13 

703 
576.5 

406 
165.5 
568.5 

411 
275.5 
15.25 

470.1 
406.7 
333.2 
254.1 
262.6 
208.8 
171.7 
51.9 

910.8 
863.8 
761.2 
517.7 

1054.6 
982.2 
819.0 
397.3 

33.9 
35.7 
35.9 
35.7 
35.3 
35.9 
36.7 
36.7 

79.9 
81.6 
81.4 
80.8 
80.6 
81.6 
82.6 
82.4 

30.10 0.0275077 
30.10 0.0264724 
30.10 0.0239173 
30.10 0.0153007 
30.10 0.0358942 
30.10 0.0350741 
30.10 0.0313588 
30.10 0.0217134 

651.12 
599.94 
467.59 
163.01 
733.35 
729.71 
624.10 
279.36 

97.2 
98.9 

100.1 
100.1 
97.7 
99.5 
99.0 
92.3 

542.0 
513.3 
404.4 
126.0 
626.6 
640.2 
560.1 
228.5 

257.6 
238.2 
226.9 
341.8 
184.2 
303.7 
320.2 
944.1 

228.5 
277.1 
386.8 
509.6 

0.0 
33.5 

182.1 
0.0 

22.7 
22.6 
22.8 
23.1 
23.0 
22.7 
22.4 
22.5 

49.3 
49.7 
51.3 
53.0 
36.4 
38.9 
41.1 
17.6 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

349.66 
316.15 
294.23 
262.39 

81.47 

291.07 
153.76 
129.93 
158.69 
811.21 

1546.53 1282.6533 
1215.44 1038.8483 

740.34 642.89433 
165.90 131.0522 

1070.91 910.58821 

42180 
34590 
24360 

9930 
34110 

1582999 
1347904 
1048089 
662232 
989198 

132718.44 
108877.27 
76416.70 
30534.15 

107057.35 

165.09 
170.70 
186.28 
158.73 

0.00 

0.17 
0.14 
0.14 
0.23 
0.15 

10.00 

10.00 
15.00 

6 

7 
8 

110.42 

123.73 
18.78 

456.93 

127.42 
14.32 

789.05 691.58312 

507.71 457.18931 
18.35 15.319233 

24660 

16530 
915 

731350 

546415 
43275 

77438.46 

52032.30 
2831.09 

11.01 

45.06 
0.00 

0.12 

0.10 
0.18 

WTDAVG BHP= 

WTO AVG GMiH = 

AVG GM/BHPH = 

134.86 

HC 

204.63 

1.52 

KW= 

CO KNOX 

243.79 781.45 

1.81 5.79 

100.57 

KNO 

666 

4.94 

FUEL 

23830 

176.69 

EXHAUST 

896260 

CO2 

74833 

554.88 

NMHC 

99.79 

0.74 

W.F. 

MODE= 

PARTIe. WT, MG • 
Exh.Probe Mass Flow Rate (g/Sec.)= 

Sample Time (See.)= 
)il. Exh.Sample Mass-Part.Filter (kg) = 
Tunnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kg/Hr.)= 

Partie.Mass Flow Rate (glHr.)= 

0.15 
1 

1.04 
1.087 

180 
0.20 

65.05 
5046.71 
26.825 

0.15 
2 

0.59 
0.868 

180 
0.16 

65.29 
5064.89 

19.126 

0.15 
3 

0.45 
0.682 

180 
0.1228 
65.36 

5070.94 
18.588 

0.10 
4 

0.39 
0.441 

120 
0.05 

65.40 
5073.57 
37.390 

0.10 
5 

1.42 
0.859 

120 
0.10 

65.23 
5060.16 
69.707 

0.10 
6 

0.44 
0.671 

120 
0.08 

65.24 
5061.52 
27.659 

0.10 
7 

0.20 
0.567 

120 
0.07 

65.22 
5059.88 

14.873 

0.15 
8 

0.03 
0.137 

180 
0.02 

65.32 
5067.54 

6.165 

AVG GMlKWH = 2.03 2.42 7.77 6.62 236.95 744.10 0.99 GM/BHPH 0.111 0.097 0.141 1.444 0.332 0.179 0.146 

WTD AVG GM/H = 25.569 

WT AVG N02INOX RATIO = 0.154101594 WEIGHTED AVG GM/BHPH  0.190 

WTD AVG GM/KWH = 0.254 

Approved _8-Mode Test Result Ver.2 0812007 



B-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
OynTrq 

It>-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP36 (MULTI-FILTER) 
wNiscon 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GMIMIN scfm deg/F GR/LB 

Air In 
degF 

Baro P 
InHga 

fIsCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

nH/nC 
RATIO 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 

583.0 

596.1 
470.3 
315.0 
61.9 

789.1 
578.2 
382.2 

1.4 

249.7 
197.0 
132.0 
25.9 

210.3 
154.1 
101.9 

0.2 

5.82 
5.49 
4.98 
3.14 
7.63 
7.43 
6.68 
4.51 

222.35 
117.80 
127.93 
251.14 
914.45 
678.36 
251.37 
353.68 

716.22 
648.66 
505.38 
178.33 
812.16 
802.84 
683.22 
289.30 

590.06 
551.68 
435.75 
136.11 
704.56 
711.33 
618.13 
235.47 

458.65 
503.34 
614.29 
876.48 
201.83 
357.03 
516.76 
976.85 

726 
5n.5 

407 
164 
566 

410.5 
275.5 

15.5 

479.6 
406.9 
339.0 
255.5 
266.2 
214.1 
172.9 
53.8 

920.9 
863.0 
759.7 
516.0 

1048.3 
976.2 
814.0 
369.5 

37.3 
41.9 
41.9 
40.6 
41.4 
41.5 
41.1 
41.5 

79.6 
81.6 
80.3 
77.0 
75.9 
76.1 
76.1 
76.3 

30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 

0.027 
0.026 
0.024 
0.015 
0.036 
0.035 
0.031 
0.022 

652.26 
597.24 
465.37 
163.70 
746.86 
738.53 
627.86 
266.11 

100.7 
102.7 
102.9 
102.5 
99.8 

100.7 
99.5 
92.0 

537.4 
508.0 
401.2 
124.9 
647.9 
654.3 
568.0 
216.6 

244.8 
237.8 
233.7 
348.8 
201.8 
310.5 
330.1 
976.9 

213.9 
265.5 
380.6 
527.7 

0.0 
46.5 

186.6 
0.0 

25.1 
26.4 
27.6 
29.8 
31.4 
31.4 
31.1 
31.1 

51.382828 
50.175089 
51.410597 
53.166862 
36.670917 
39.052405 
41.102698 
18.148681 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

----

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

10.00 

10.00 
15.00 

1 
2 
3 
4 
5 

6 

7 
8 

342.21 
316.52 
299.24 
266.97 

89.26 

117.60 

127.52 
19.73 

333.47 
148.90 
125.26 
153.76 
812.87 

449.11 

124.69 
14.36 

1607.10 1318.0149 
1240.24 1053.4205 

748.61 648.11533 
164.65 128.48007 

1090.70 941.76657 

803.27 711.2036 

511.66 464.57715 
17.74 14.748124 

43560 
34650 
24420 

9840 
33960 

24630 

16530 
930 

1642557 
1381269 
1065102 
654978 
989745 

735855 

547632 
43957 

137068.60 
109074.72 
76599.23 
30240.90 

106552.61 

77332.60 

52024.61 
2875.80 

160.2 
167.7 
186.3 
162.5 

0.0 

15.4 

46.3 
0.0 

0.18 
0.15 
0.14 
0.24 
0.13 

0.11 

0.10 
0.19 

WTDAVG BHP= 

WTO AVG GM/H = 

AVG GM/BHPH =

136.04 

HC 

206.79 

1.52 

KW= 

CO KNOX 

247.34 799.08 

1.82 5.87 

101.45 

KNO 

680 

5.00 

FUEL 

24030 

176.64 

EXHAUST 

912754 

CO2 

75458 

554.67 

NMHC 

99.54 

0.73 

W.F. 

MODE= 
PARTie. WT, MG· 

Exh.Probe Mass Flow Rate (glSee.)= 
Sample Time (See.)= 

Dil.Exh.Sample Mass-Part.Filter (kg) = 
Dil.Tunnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kg/Hr.)= 
Partie. Mass Flow Rate (g/Hr.)= 

0.15 

1 
0.84 

1.087 
180 

0.20 
65.06 

5047.24 
21.669 

0.15 

2 
0.53 

0.868 
180 

0.16 
65.30 

5066.24 
17.186 

0.15 

3 
0.45 

0.682 
180 

0.1228 
65.42 

5075.64 
18.606 

0.10 
4 

0.38 
0.441 

120 
0.05 

65.38 
5072.22 

36.422 

0.10 
5 

1.37 
0.859 

120 
0.10 

65.20 
5058.56 

67.231 

0.10 

6 
0.40 

0.671 
120 

0.08 
65.22 

5059.88 
25.136 

0.10 

7 
0.18 

0.567 
120 

0.07 
65.27 

5063.42 
13.395 

0.15 

8 
0.01 

0.137 
180 

0.02 
65.33 

5068.18 
2.055 

AVGGMlKWH = 2.04 2.44 7.88 6.70 236.87 743.82 0.98 GM/BHPH 0.087 0.087 0.141 1.404 0.320 0.163 0.131 

WTD AVG GM/H = 23.146 

WT AVG N02lNOX RATIO = 0.155277756 WEIGHTED AVG GM/BHPH • 0.170 

WTD AVG GM/KWH = 0.228 

Approved _B-Mode Test Result Ver.2 0812007 



OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP37 (MULTI-FILTER) 
wNiscon 

Mode 
EngSpd 

RPM 
OynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AlrMas 
scfm 

EngExh 
deg/F 

ABSHUM 
GR/LB 

Air In 
degF 

BaroP 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humldy 
% 

OilP 
psig 

nHlnC 
RATIO 

Exh. P 
psig 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.1 
1400.0 
583.7 

606.6 
469.9 
314.8 
61.9 

789.5 
578.1 
382.0 

1.3 

254.1 
196.8 
131.9 
25.9 

210.4 
154.1 
101.8 

0.1 

5.82 
5.49 
4.93 
3.06 
7.56 
7.43 
6.66 
4.34 

219.44 
121.71 
132.16 
256.47 
900.41 
722.96 
272.33 
435.78 

735.47 
674.84 
516.12 
185.14 
824.72 
834.44 
714.93 
314.61 

608.13 
572.11 
449.27 
139.11 
710.87 
731.05 
653.33 
259.84 

440.35 
488.09 
607.41 
868.51 
228.23 
348.52 
505.30 

1122.590008 

744.5 
578 

408.5 
166.5 
568.5 
413.5 
275.5 
15.75 

482.7 
405.8 
334.1 
250.3 
261.3 
210.7 
172.2 
52.8 

923.3 
863.3 
760.7 
516.0 

1056.5 
982.8 
818.7 
387.7 

36.6 
36.6 
36.6 
36.2 
36.3 
34.8 
34.0 
34.4 

77.2 
79.7 
80.6 
80.5 
80.7 
80.9 
80.1 
79.5 

30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 

0.027 
0.026 
0.023 
0.015 
0.035 
0.035 
0.031 
0.021 

668.74 
613.66 
469.24 
168.16 
749.31 
755.47 
645.99 
284.55 

96.6 
99.1 
99.6 

100.0 
97.6 
98.4 
98.1 
91.2 

553.0 
520.2 
408.5 
126.4 
645.9 
661.9 
590.3 
235.0 

240.0 
223.8 
226.1 
343.4 
192.6 
307.3 
329.8 

1045.3 

200.3 
264.3 
381.3 
525.1 

35.7 
41.2 

175.5 
77.3 

26.7 
24.6 
23.9 
23.7 
23.6 
22.5 
22.5 
23.2 

53.1 
51.0 
51.1 
52.7 
36.4 
38.9 
41.1 
17.7 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

337.12 
307.14 
299.93 
275.46 
102.27 

337.68 
153.94 
131.17 
163.50 
810.99 

1690.66 1390.7494 
1275.15 1079.2746 

765.16 668.71307 
176.12 135.32772 

1108.77 951.48078 

44670 
34680 
24510 

9990 
34110 

1736437 
1423277 
1111259 

701778 
1031981 

140611.74 
109191.96 

76874.27 
30676.32 

106992.00 

154.0 
167.0 
189.2 
168.4 

16.0 

0.17 
0.15 
0.13 
0.25 
0.14 

10.00 
10.00 
15.00 

6 

7 
8 

115.68 

124.96 
23.79 

482.34 
135.38 

18.56 

828.05 724.83233 

527.55 483.74381 
19.91 16.862798 

24810 

16530 
945 

762078 

583588 
47421 

n859.47 
52015.91 

2904.10 

13.7 
43.6 

1.7 

0.12 
0.09 
0.17 

WTDAVG BHP

WTDAVGGWH= 

AVG GMlBHPH = 

136.67 

HC 

207.03 

1.61 

KW= 

CO KNOX 

255.42 826.68 

1.87 6.05 

101.92 

KNO 

703 

6.14 

FUEL 

24265 

177.64 

EXHAUST 

953702 

CO2 

76192 

667.48 

NMHC 

100.94 

0.74 

W.F. 
MODE = 

PARTie. WT, MG 
Exh.Probe Mass Flow Rate (glSee.)= 

Sample Time (Sec.)= 
Dil.Exh.Sample Mass-Part.Filter (kg) = 

Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 
Oil. Tunnel Tot Mass Flow (kglHr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

0.89 
1.087 

180 
0.20 

65.06 
5047.19 

22.958 

0.15 
2 

0.65 
0.888 

180 
0.16 

65.32 
5067.19 
21.081 

0.15 
3 

0.60 
0.682 

180 
0.1228 

65.35 
5069.71 

24.779 

0.10 
4 

0.40 
0.441 

120 
0.05 

65.36 
5070.63 
38.327 

0.10 
5 

1.57 
0.859 

120 
0.10 

65.18 
5056.95 

77.022 

0.10 
6 

0.59 
0.671 

120 
0.08 

65.23 
5060.45 

37.080 

0.10 
7 

0.19 
0.567 

120 
0.07 

65.24 
5061.65 

14.135 

0.15 
8 

0.01 
0.137 

180 
0.02 

65.34 
5069.22 

2.056 

AVGGMlKWH = 2.03 2.51 8.11 6.90 238.09 747.60 0.99 GM/BHPH 0.090 0.107 0.188 1.478 0.366 0.241 0.139 

WTD AVG GMIH = 27.287 

WT AVG N02lNOX RATIO = 0.154022224 WEIGHTED AVG GM/BHPH • 0.200 

WTD AVG GM/KWH = 0.268 

8-Mode Test Result Ver.2 0812007 Approved _ 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

lben 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP38 (MULTI-FILTER) 
wNiscon 

HC FlO FUEL RT !'irMas EngExh ASSHUM 
ppm GMIMIN scfm deg/F GRllS 

Air In 
degF 

SaroP 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OIlP 
pslg 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
592.2 

611.9 
469.7 
314.9 
62.0 

789.4 
578.0 
382.2 

1.4 

256.3 
196.8 
131.9 
25.9 

210.4 
154.1 
101.9 

0.2 

5.69 
5.35 
4.83 
3.01 
7.48 
7.33 
6.58 
5.94 

221.28 
118.28 
126.75 
255.44 
912.41 
695.48 
256.96 
361.02 

757.40 
689.46 
540.81 
193.73 
858.07 
846.93 
738.88 
342.87 

612.52 
573.16 
451.87 
141.56 
718.48 
723.32 
648.64 
265.73 

424.0 
491.8 
604.4 
869.4 
223.2 
351.1 
510.1 

1130.2 

743 
574.5 

408 
166 

565.5 
410 

275.5 
15.75 

485.5 
405.6 
330.6 
250.8 
264.4 
211.2 
172.5 
53.8 

928.0 
862.5 
758.2 
516.6 

1048.5 
977.4 
815.0 
386.4 

33.8 
33.9 
33.4 
32.7 
32.5 
33.0 
33.6 
35.3 

77.1 
79.6 
80.0 
79.0 
78.9 
79.4 
79.2 
79.0 

30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 

0.0268095 
0.025228 

0.0229023 
0.0147 

0.0350607 
0.0343642 
0.0308787 
0.0282793 

684.08 
622.85 
488.08 
174.55 
772.77 
763.57 
667.10 
310.76 

95.9 
98.8 
99.5 
99.4 
96.8 
98.8 
97.9 
91.3 

553.2 
517.8 
407.8 
127.5 
647.0 
652.1 
583.8 
240.8 

228.0 
211.2 
211.2 
331.4 
199.9 
297.9 
321.4 

1041.7 

196.0 
280.6 
393.2 
538.0 
23.3 
53.2 

188.7 
88.5 

24.7 
22.8 
22.2 
22.5 
22.4 
22.4 
23.0 
24.2 

54.3 
51.2 
51.5 
53.4 
36.9 
39.1 
41.4 
18.2 

wr. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02JNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

330.94 
315.88 
304.41 
279.89 
100.59 

347.14 
152.70 
128.32 
165.30 
826.36 

1763.03 
1321.02 
811.79 
185.58 

1149.82 

1417.9437 
1096.5218 
681.01062 
138.72984 
958.41777 

44580 
34470 
24480 
9960 

33930 

1715444 
1407420 
1098474 
690679 

1006180 

140329.90 
108497.76 
76769.10 
30563.98 

106400.13 

153.6 
180.9 
198.9 
175.1 

10.5 

0.19 
0.17 
0.16 
0.27 
0.16 

10.00 

10.00 
15.00 

6 

7 
8 

117.14 

127.68 
17.69 

466.41 

129.28 
11.36 

841.27 

551.39 
16.07 

717.92063 

484.26495 
12.682996 

24600 

16530 
945 

743837 

554420 
34530 

77211.33 

52016.91 
2934.68 

17.8 

47.5 
1.4 

0.15 

0.12 
0.22 

WTDAVG BHP= 

wro AVG GM/H • 

AVG GM/BHPH =

137.01 

HC 

207.87 

1.52 

KW= 

CO KNOX 

254.66 859.59 

1.86 6.27 

102.17 

KNO 

711 

5.19 

FUEL 

24173 

176.43 

EXHAUST 

937892 

CO2 

75899 

553.96 

NMHC 

105.31 

0.77 

W.F. 0.15 
MODE = 1 

PARTIe. WT, MG = 0.99 
Exh.Probe Mass Flow Rate (g/See.)= 1.087 

Sample Time (Sec.)= 180 
DiJ.Exh.Sample Mass-Part.Filter (kg) = 0.20 

DiJ.Tunnel Tot Flow Temp.Corr. (semm)= 65.08 
DiJ.Tunnel Tot Mass Flow (kg/Hr.)= 5048.64 

Partie.Mass Flow Rate (g/Hr.)= 25.55 

0.15 
2 

0.61 
0.868 

180 
0.16 

65.28 
5064.47 

19.77 

0.15 
3 

0.57 
0.682 

180 
0.1228 

65.32 
5067.82 

23.53 

0.1 
4 

0.44 
0.441 

120 
0.05 

65.39 
5072.82 

42.18 

0.1 
5 

1.51 
0.859 

120 
0.10 

65.21 
5058.93 

74.11 

0.1 
6 

0.55 
0.671 

120 
0.08 

65.20 
5058.49 

34.55 

0.1 
7 

0.17 
0.567 

120 
0.07 

65.25 
5062.38 

12.65 

0.15 
8 

0.01 
0.137 

180 
0.02 

65.33 
5068.34 

2.06 

AVG GM/KWH= 2.03 2.49 8.41 6.96 236.60 742.87 1.03 GM/BHPH 0.100 0.100 0.178 1.625 0.352 0.224 0.124 

wrD AVG GM/H = 26.984 

wr AVG N02JNOX RATIO. 0.18269108 WEIGHTED AVG GM/BHPH = 0.197 

WfD AVG GM/KWH = 0.264 

8-Mode Test Result Ver.2 08/2007 Approved _ 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-Mode Testing of Viscon Polymer 

8MLP39 (MULTI-FILTER) 
wNiscon 

Mode 
EngSpd 

RPM 
DynTrq 

lb-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GMiMIN 

AirMas 
scfm 

EngExh 
de~F 

ABSHUM 
GRILB 

Air In 
degF 

Baro P 
InHga 

flaCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OIlP 
pslg 

2200.0 
2200.0 
2200.1 
2200.0 
1400.0 
1400.0 
1400.0 
573.9 

595.7 
470.0 
314.9 
62.3 

790.0 
577.7 
382.2 

0.0 

249.5 
196.9 
131.9 
26.1 

210.6 
154.0 
101.9 

0.0 

5.81 
5.42 
4.80 
2.97 
7.47 
7.23 
6.49 
4.05 

214.72 
117.35 
121.93 
242.14 
904.79 
626.87 
244.77 
346.51 

737.81 
862.15 
509.20 
183.55 
813.02 
803.55 
686.77 
325.72 

601.25 
558.42 
436.76 
140.60 
691.21 
700.81 
617.26 
271.47 

443.98 
484.10 
593.14 
846.78 

231.1 
348.74 
507.57 
1063.7 

737.5 
579.5 
411.5 
170.5 
569.5 

412.25 
277.5 
16.75 

477.1 
404.1 
335.1 
252.4 
262.6 
211.3 
171.2 
51.3 

923.8 
860.0 
755.5 
515.5 

1046.3 
973.2 
813.6 
391.6 

31.0 
31.9 
34.5 
37.7 
39.3 
39.1 
40.2 
41.9 

80.1 
81.0 
79.9 
78.4 
77.5 
77.9 
77.8 
78.2 

30.10 0.0273528 
30.10 0.0255267 
30.10 0.0227886 
30.10 0.0145118 
30.10 0.0350455 
30.10 0.0338996 
30.10 0.0304518 
30.10 0.0196272 

862.09 
595.39 
460.65 
167.33 
743.91 
734.87 
629.83 
299.91 

90.8 
91.6 
97.4 
98.3 
95.9 
97.4 
96.8 
91.9 

539.5 
502.1 
395.1 
128.2 
632.5 
640.9 
566.1 
250.0 

257.4 
223.7 
219.7 
330.4 
198.1 
309.7 
324.1 

1019.4 

186.62 
260.36 
373.39 
516.41 

33.03 
39.03 

183.51 
44.28 

20.6 
20.6 
23.0 
26.4 
28.3 
27.8 
28.7 
29.5 

48.8 
49.0 
50.4 
53.4 
36.8 
39.2 
41.3 
17.7 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

336.94 
309.87 
302.84 
283.68 
104.91 

327.54 
150.99 
125.13 
163.05 
825.51 

1659.25 
1258.49 
776.66 
185.12 

1115.06 

1345.417 
1059.487 
668.6546 
144.9863 
943.7839 

44250 
34770 
24690 
10230 
34170 

1669165 
1403076 
1113460 
718974 

1014657 

139291.17 
109474.47 
77447.62 
31415.09 

107151.88 

142.3 
167.3 
191.5 
174.9 
15.0 

0.19 
0.16 
0.14 
0.23 
0.15 

10.00 

10.00 
15.00 

6 

7 
8 

118.64 

129.81 
25.74 

428.67 

125.83 
16.85 

825.57 

531.93 
23.96 

719.3891 

479.7752 
20.48572 

24735 

16650 
1005 

758460 

566558 
52516 

77695.69 

52397.61 
3091.65 

13.3 

47.2 
1.1 

0.13 

0.10 
0.17 

WTDAVGBHP= 

WTo AVG GMiH s 

AVG GM/BHPH = 

136.01 

HC 

210.01 

1.54 

KW= 

CO KNOX 

247.38 823.52 

1.82 6.05 

101.42 

KNO 

693 

5.09 

FUEL 

24286 

178.56 

EXHAUST 

941598 

CO2 

76262 

560.71 

NMHC 

100.37 

0.74 

W.F. 0.15 
MODE 1 

PARTIe. WT, MG  1.00 
Exh.Probe Mass Flow Rate (giSec.)= 1.087 

Sample Time (sec.). 180 
oil.Exh.Sample Mass-Part.Filter (kg)  0.20 

oil.Tunnel Tot Flow Temp.Corr. (scmm)· 65.06 
oll.Tunnel Tot Mass Flow (kglHr.)· 5047.19 

Partle.Mass Flow Rate (glHr.) 25.80 

0.15 
2 

0.70 
0.868 

180 
0.16 

65.32 
5067.19 

22.70 

0.15 
3 

0.58 
0.682 

180 
0.1228 

65.35 
5069.71 

23.95 

0.1 
4 

0.34 
0.441 

120 
0.05 

65.36 
5070.63 

32.58 

0.1 
5 

1.41 
0.859 

120 
0.10 

65.18 
5056.95 

69.17 

0.1 
6 

0.49 
0.671 

120 
0.08 

65.23 
5060.45 

30.80 

0.1 
7 

0.23 
0.567 

120 
0.07 

65.24 
5061.65 

17.11 

0.15 
8 

0.08 
0.137 

180 
0.02 

65.34 
5069.22 

16.45 

AVGGMlKWH 2.07 2.44 8.12 6.83 239.45 751.92 0.99 GM/BHPH= 0.103 0.115 0.182 1.247 0.328 0.200 0.168 

WTD AVG GM/H = 28.300 

WT AVG N02lNOX RATIO 0.15887757 WEIGHTED AVG GM/BHPH = 0.208 

WTD AVG GM/KWH = 0.279 

Approved _8-Mode Test Result Ver.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP40 (MULTI-FILTER) 
wNiscon 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GM/MIN scfm deg/F GRllB 

Air In 
degF 

BaroP 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fueffn 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humldy 
% 

OilP 
psig 

2200.0 
2200.0 
2200.1 
2199.9 
1400.0 
1400.0 
1400.0 
574.9 

607.4 
470.0 
314.7 
62.0 

790.1 
577.7 
382.5 

1.3 

254.4 
196.9 
132.0 
26.0 

210.6 
154.0 
102.0 

0.1 

5.84 
5.50 
4.96 
3.05 
7.72 
7.52 
6.58 
3.20 

225.46 
114.22 
120.36 
236.27 
912.56 
729.87 
253.90 
297.63 

760.02 
688.65 
544.18 
193.28 
849.15 
847.76 
720.46 
301.15 

602.48 
569.13 
456.95 
145.54 
704.67 
719.55 
631.20 
248.11 

410.37 
482.18 
599.99 
851.69 
204.16 
344.05 
486.79 
935.45 

743 
577.5 

409 
168 
573 

413.5 
279 

16.25 

476.6 
399.9 
327.9 
248.6 
258.8 
208.4 
167.5 
51.2 

931.8 
867.1 
761.8 
516.8 

1057.7 
985.1 
822.6 
386.8 

34.5 
35.2 
34.6 
36.3 
36.5 
37.3 
37.9 
43.2 

83.6 
85.4 
85.9 
86.1 
85.6 
86.4 
85.4 
84.8 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.023 
0.015 
0.036 
0.035 
0.031 
0.016 

687.68 
624.11 
492.46 
175.61 
771.95 
772.16 
657.03 
278.17 

91.1 
92.9 
95.0 
96.5 
92.8 
94.6 
97.8 
93.3 

545.1 
515.8 
413.5 
132.2 
640.6 
655.4 
575.6 
229.2 

233.6 
211.1 
212.6 
332.4 
181.4 
305.5 
308.4 
914.3 

176.8 
271.1 
387.4 
519.3 

22.8 
38.6 

178.4 
21.2 

20.4 
19.6 
18.9 
19.7 
20.2 
20.1 
21.1 
24.4 

54.1 
51.4 
52.1 
53.4 
37.1 
39.0 
41.3 
17.7 

WT. FAC 
0/0 

Mode 
No 

--------GRAMSIHOUR-

HC CO KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

312.11 
302.66 
295.11 
273.84 

90.35 

344.66 
144.11 
118.99 
152.69 
811.77 

1727.12 1361.4565 
1293.63 1067.2833 
799.87 674.21366 
186.45 143.5034 

1128.13 931.79953 

44580 
34650 
24540 
10080 
34380 

1674114 
1377611 
1074144 
690391 
990854 

140393.25 
109126.03 
77004.13 
30984.94 

107887.97 

135.0 
170.8 
191.3 
168.7 

10.1 

0.21 
0.17 
0.16 
0.25 
0.17 

10.00 

10.00 
15.00 

6 

7 
8 

112.82 

123.53 
27.68 

481.08 

129.50 
17.70 

836.14 709.04162 

550.57 483.87072 
27.18 23.026856 

24810 

16740 
975 

732737 

562391 
63670 

77870.48 

52698.21 
2988.70 

12.7 

45.5 
0.6 

0.15 

0.12 
0.18 

WTDAVG BHP

WTO AVG GM/H = 

AVG GM/BHPH = 

136.77 

HC 

200.69 

1.47 

KW= 

CO KNOX 

251.32 847.30 

1.84 6.20 

101.99 

KNO 

696 

5.09 

FUEL 

24313 

177.76 

EXHAUST 

926068 

CO2 

76371 

558.39 

NMHC 

98.37 

0.72 

W.F. 

MODE = 
PARTie. WT, MG = 

Exh.Probe Mass Flow Rate (g/See.)= 
Sample Time (See.)= 

Dil.Exh.Sample Mass-Part.Filter (kg) = 
Dil.Tunnel Tot Flow Temp.Corr. (semm)= 

Dil.Tunnel Tot Mass Flow (kg/Hr.)= 
Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

0.96 
1.087 

180 
0.20 

65.12 
5051.82 

24.79 

0.15 
2 

0.62 
0.868 

180 
0.16 

65.32 
5067.49 

20.11 

0.15 
3 

0.56 
0.682 

180 
0.1228 

65.39 
5072.70 

23.14 

0.10 
4 

0.39 
0.441 

120 
0.05 

65.40 
5073.77 

37.39 

0.10 
5 

1.64 
0.859 

120 
0.10 

65.18 
5056.37 

80.45 

0.10 
6 

0.56 
0.671 

120 
0.08 

65.20 
5058.28 

35.18 

0.10 
7 

0.25 
0.567 

120 
0.07 

65.21 
5059.05 

18.59 

0.15 
8 

0.05 
0.137 

180 
0.02 

65.25 
5062.46 

10.26 

AVGGM/KWH= 1.97 2.46 8.31 6.82 238.39 748.81 0.96 GM/BHPH= 0.097 0.102 0.175 1.439 0.382 0.228 0.182 

WTD AVG GM/H = 28.906 

WT AVG N02lNOX RATIO = 0.17681689 WEIGHTED AVG GM/BHPH = 0.211 

WTO AVG GM/KWH = 0.283 

Approved _8-Mode Test Result Ver.2 0812007 



OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
OynTrq 

lbon 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP41 (MULTI-FILTER) 
wNlscon 

HC FlO FUEL RT AirMas EngExh 
ppm GMiMIN scfm degIF 

ABSHUM 
GR/lB 

Air In 
degF 

BaroP 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidity 
% 

OilP 
psig 

2200.0 
2200.0 
2200.1 
2200.0 
1400.0 
1400.0 
1400.0 
579.0 

607.6 
470.0 
315.0 
62.1 

789.6 
578.0 
381.9 

1.4 

254.6 
196.9 
132.0 
26.0 

210.5 
154.1 
101.8 

0.2 

5.91 
5.49 
4.88 
2.92 
7.45 
7.'22 
6.36 
3.98 

231.06 
116.52 
121.39 
236.92 
912.02 
713.13 
255.57 
297.89 

693.13 
636.88 
493.36 
165.81 
776.59 
768.04 
671.03 
252.93 

570.90 
542.49 
432.01 
129.00 
683.00 
691.31 
613.28 
198.08 

409.77 
485.29 
584.58 
829.31 
205.45 
321.69 
478.64 
941.31 

741 
575.5 
407.5 

167 
567.5 

413 
276.5 

16 

479.2 
401.2 
328.3 
249.3 
260.2 
208.9 
170.1 
52.3 

936.3 
867.4 
761.3 
514.4 

1054.4 
980.2 
814.8 
381.9 

48.1 
47.1 
46.8 
47.0 
46.7 
47.2 
48.0 
50.2 

82.2 
82.7 
82.6 
82.1 
81.4 
81.7 
81.6 
81.8 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.028 
0.026 
0.023 
0.014 
0.035 
0.034 
0.030 
0.019 

647.85 
593.88 
459.69 
154.55 
723.39 
716.25 
627.08 
237.62 

92.8 
93.7 
93.5 
92.1 
91.7 
92.5 
91.6 
90.2 

533.6 
505.9 
402.5 
120.2 
636.2 
644.7 
573.1 
186.1 

234.5 
213.2 
204.3 
314.8 
177.5 
278.3 
298.3 
915.1 

175.3 
272.1 
380.3 
514.5 

27.9 
43.3 

180.4 
26.2 

29.6 
28.6 
28.4 
29.0 
29.5 
29.5 
30.2 
31.3 

54.4 
51.6 
51.9 
53.7 
37.8 
39.9 
41.8 
17.7 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

307.65 
304.28 
291.13 
276.91 

93.26 

348.70 
146.85 
121.51 
159.01 
832.16 

1606.21 
1229.65 

756.00 
170.41 

1084.38 

1315.6659 
1045.7178 
664.36185 

135.5431 
949.14714 

44460 
34530 
24450 
10020 
34050 

1656611 
1378246 
1088690 
717189 

1015489 

140018.96 
108734.57 
76726.23 
30774.32 

106796.17 

132.1 
171.3 
190.2 
173.6 
12.7 

0.18 
0.15 
0.12 
0.'22 
0.12 

10.00 

10.00 
15.00 

6 
7 
8 

109.65 

124.35 
22.17 

488.59 

133.46 
14.10 

806.20 

537.97 
18.48 

724.76773 

493.21993 
14.808985 

24780 

16590 
960 

760741 

575509 
51135 

77773.18 

52211.88 
2963.97 

14.8 

47.1 
0.6 

0.10 

0.09 
0.'22 

WTDAVG BHP = 

WTO AVG GM/H = 

AVG GMlBHPH == 

136.77 

HC 

199.20 

1.46 

KW= 

CO KNOX 

256.00 801.45 

1.87 5.86 

101.99 

KNO 

686 

5.02 

FUEL 

24204 

176.97 

EXHAUST 

933095 

CO2 

76022 

566.84 

NMHC 

98.95 

0.72 

W.F. 0.15 

MODE = 1 
PARTie. WT, MG • 1.07 

Exh.Probe Mass Flow Rate (glSec.)= 1.087 
Sample Time (Sec.):: 180 

Oil.Exh.Sample Mas~Part.Filter (kg) = 0.20 

Oil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.16 
Dil.Tunnel Tot Mass Flow (kglHr.)= 5055.21 

Partie. Mass Flow Rate (glHr.)= 27.645 

0.15 

2 
0.73 

0.868 
180 

0.16 

65.28 
5064.57 

23.663 

0.15 

3 
0.65 

0.682 
180 

0.1228 

65.42 
5074.99 

26.871 

0.10 

4 
0.49 

0.441 
120 

0.05 

65.36 
5071.01 

46.954 

0.10 

5 
1.67 

0.859 
120 

0.10 

65.20 
5058.59 

81.954 

0.10 

6 
0.63 

0.671 
120 

0.08 

65.21 
5058.86 

39.581 

0.10 

7 
0.35 

0.567 
120 

0.07 

65.22 
5060.07 

26.029 

0.15 

8 
0.08 

0.137 
180 

0.02 

65.29 
5065.15 

16.432 

AVGGM/KWH = 1.95 2.51 7.86 6.73 237.32 745.40 0.97 GM/BHPH= 0.109 0.120 0.204 1.805 0.389 0.257 0.256 

WfO AVG GMIH = 33.644 

WT AVG N02INOX RATIO = 0.152715249 WEIGHTED AVG GM/BHPH· 0.246 

WfO AVG GMIKWH = 0.330 

Approved _8-Mode Test Result Ver.2 0812007 



OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO·8178 8-MODE TESTING OF VISCON POLYMER
 

8MLP42 (MULTI-FILTER)
 
wNiscon
 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In BaroP f/aCAl KNOx Fuelln KNO Methane NMHC Humidy OIlP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GMiMIN scfm deglF GRilB degF InHga FACTOR PPM degF PPM ppm ppm % pslg 

2200.0 610.3 255.7 5.75 211.29 723.57 594.72 409.48 742.5 486.6 925.1 53.3 77.0 30.00 0.027 684.86 93.5 562.9 236.7 172.7 38.8 54.5 
2200.0 469.7 196.7 5.35 107.04 650.78 554.14 475.06 576 407.7 859.5 52.7 78.0 30.00 0.025 615.13 97.8 523.8 212.6 262.5 37.2 52.3 
2200.0 315.0 131.9 4.79 118.47 498.97 429.42 567.62 413 332.7 752.2 52.4 78.2 30.00 0.023 471.27 92.0 405.6 206.2 361.4 36.7 52.5 
2200.0 61.9 26.0 2.91 235.14 172.45 128.48 812.83 165.5 251.1 508.9 52.6 77.8 30.00 0.014 162.97 91.9 121.4 320.8 492.0 37.3 54.1 
1400.0 790.1 210.6 7.43 895.13 785.19 6n.61 221.74 569 262.9 1046.6 49.1 78.4 30.00 0.035 735.65 91.1 634.9 186.3 35.4 34.2 38.1 
1400.0 577.9 154.0 7.27 690.83 783.11 686.28 331.51 412.5 209.5 974.7 48.0 79.1 30.00 0.034 731.66 92.8 641.2 295.2 36.3 32.6 40.0 
1400.0 382.1 101.8 6.49 249.05 683.93 614.23 476.18 275.5 170.0 810.5 47.7 79.3 30.00 0.030 638.62 91.4 573.5 317.1 159.1 32.2 42.1 
581.5 1.5 0.2 4.75 328.69 290.24 223.25 1047.01 15.75 52.0 377.9 49.4 79.8 30.00 0.023 272.11 90.3 209.3 962.3 84.7 32.9 17.8 

--------GRAMSIHOUR- -----
WT. FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 316.42 328.18 1747.59 1428.206 44550 1703918 140310.03 134.0 0.18 
15.00 2 306.13 138.64 1308.97 1112.515 34560 1415760 108837.16 169.8 0.15 
15.00 3 291.59 122.33 799.45 690.21602 24780 1123010 77774.07 186.4 0.14 
10.00 4 270.01 157.00 178.76 136.10434 9930 714005 30512.74 165.2 0.25 
10.00 5 101.22 821.34 1108.94 952.61513 34140 1021428 107074.55 16.2 0.14 

10.00 6 112.16 469.79 817.41 715.55558 24750 755461 77699.31 12.3 0.12 
10.00 7 120.89 127.09 535.40 482.31265 16530 563006 52041.79 40.6 0.10 
15.00 8 20.40 12.87 17.51 13.755073 945 42620 2923.77 1.7 0.23 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP= 136.92 KW= 102.10 MODE = 1 2 3 4 5 6 7 8 

PARTIe. WT, MG I: 0.95 0.57 0.52 0.41 1.68 0.55 0.25 0.05 
Exh.Probe Mass Flow Rate (g/See.)= 1.087 0.868 0.682 0.441 0.859 0.671 0.567 0.137 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 

WTO AVG GMiH • 200.61 247.83 845.08 715 24260 948186 76210 97.22 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.08 65.32 65.32 65.34 65.21 65.22 65.23 65.33 
Oil.Tunnel Tot Mass Flow (kg/Hr.)= 5049.03 5067.14 5067.73 5069.02 5058.80 5059.85 5060.89 5068.66 

AVG GM/BHPH = 1.47 1.81 6.17 5.22 177.19 556.60 0.71 Partie.Mass Flow Rate (g/Hr.)= 24.515 18.486 21.466 39.272 82.448 34.562 18.595 10.277 

AVG GMlK\NH = 1.96 2.43 8.28 7.01 237.61 746.41 0.95 GM/BHPH= 0.096 0.094 0.163 1.513 0.391 0.224 0.183 

wrD AVG GM/H = 28.699 

WT AVG N02lNOX RATIO = 0.166268274 WEIGHTED AVG GM/BHPH • 0.210 

wro AVG GM/KWH = 0.281 

Approved _8-Mode Test Result Ver.2 0812007 



OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER
 

8MLP43 (MULTI-FILTER)
 
wNiscon
 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In BaroP f/aCAL KNOx Fuelln KNO Methane NMHC Humldy OUP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GM/MIN scfm deg/F GRILB degF InHga FACTOR PPM degF PPM ppm ppm % pslg 

2200.0 594.1 248.9 5.73 196.11 703.75 575.50 460.29 725 484.3 910.2 56.2 71.6 30.00 0.027 670.88 92.8 548.6 236.3 224.0 49.1 50.2 
2200.0 470.0 196.9 5.36 106.70 622.13 527.93 475.42 573 .414.7 849.2 57.2 72.7 30.00 0.025 594.60 94.5 504.6 206.6 268.9 48.1 49.6 
2200.0 315.0 132.0 4.78 121.11 479.29 404.02 573.60 405.5 338.0 746.3 56.3 72.4 30.00 0.023 457.11 95.3 385.3 204.8 368.8 47.9 50.9 
2200.0 62.0 25.9 2.89 233.85 171.17 125.13 816.62 165.5 256.8 507.1 56.8 72.0 30.00 0.014 163.45 95.5 119.5 318.3 498.3 48.9 54.4 
1400.0 790.1 210.6 7.35 880.13 781.02 659.60 206.93 564 266.0 1032.0 56.8 71.7 30.00 0.034 745.65 92.6 629.7 198.2 8.8 49.3 38.7 
1399.8 577.7 154.0 7.06 592.55 752.44 646.28 349.61 409 215.7 959.6 56.3 72.1 30.00 0.033 717.53 93.7 616.3 291.3 58.3 48.3 40.4 
1400.0 381.8 101.8 6.24 233.91 634.53 558.67 482.44 274.5 175.3 802.3 56.7 72.0 30.00 0.029 605.75 92.3 533.3 300.1 182.4 48.8 42.4 
576.6 1.4 0.2 2.62 291.02 287.73 208.99 907.12 15.5 53.3 378.9 58.9 72.3 30.00 0.013 276.14 87.4 200.6 863.5 43.7 50.2 18.5 

--------GRAMSIHOUR- -----
WT. FAC Mode N02lNOX 

0/0 No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 348.51 298.46 1677.37 1365.4531 43500 1747465 136912.71 170.3 0.18 
15.00 2 303.82 137.06 1254.80 1062.8951 34380 1471768 108273.90 172.5 0.15 
15.00 3 289.83 123.01 762.73 645.17475 24330 1156901 76345.95 187.1 0.16 
10.00 4 273.29 157.31 180.63 134.98705 9930 753896 30501.90 168.6 0.27 
10.00 5 94.60 808.79 1125.72 946.18603 33840 1070618 106160.12 4.0 0.16 

10.00 6 120.95 412.04 819.70 703.47755 24540 807700 77093.75 20.3 0.14 
10.00 7 126.96 123.73 526.42 465.01948 16470 610361 51836.89 48.2 0.12 
15.00 8 31.01 20.00 31.18 23.40723 930 76985 2831.28 1.5 0.27 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP= 135.92 KW= 101.35 MODE = 1 2 3 4 5 6 7 8 

PARTIe. WT, MG = 1.02 0.71 0.53 0.36 1.29 0.47 0.20 0.01 
Exh.Probe Mass Flow Rate (g/See.)= 1.087 0.868 0.682 0.441 0.859 0.671 0.567 0.137 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
DiI.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 

WTO AVG GM/H  207.56 236.97 824.16 690 23949 992225 75214 103.82 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.10 65.35 65.36 65.37 65.20 65.24 65.23 65.35 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5050.6 5069.6 5070.6 5071.6 5057.9 5061.5 5060.7 5069.8 

AVG GM/BHPH = 1.53 1.74 6.06 5.07 176.20 553.38 0.76 Partie.Mass Flow Rate (g/Hr.)= 26.329 23.038 21.892 34.501 63.297 29.544 14.876 2.056 

AVGGMIKWH 2.05 2.34 8.13 6.80 236.29 742.09 1.02 GM/BHPH= 0.106 0.117 0.166 1.330 0.301 0.192 0.146 

WTD AVG GM/H = 25.219 

WT AVG N02lNOX RATIO 0.183157386 WEIGHTED AVG GM/BHPH • 0.186 

WTD AVG GM/KWH = 0.249 

Approved _8-Mode Test Result Ver.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP46 (MULTI-FILTER) 
W/10x VISCON 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In BaroP flaCAL KNOx Fuelln KNO Methane NMHC Humidy OUP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GM/MIN scfm deglF GRILB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

2200.0 610.6 255.8 5.76 206.77 686.17 549.34 414.40 741 488.6 920.1 61.4 74.5 30.00 0.027 662.66 92.8 530.5 241.7 172.6 48.4 54.8 
2200.0 469.9 196.8 5.35 103.77 612.39 512.46 469.11 576 408.6 858.3 61.2 76.2 30.00 0.025 591.20 98.2 494.7 214.1 255.0 45.8 51.8 
2200.0 315.1 132.0 4.76 111.59 471.03 399.41 573.36 406 334.8 755.4 63.2 76.8 30.00 0.023 457.02 98.9 387.5 211.0 362.4 46.3 52.3 
2200.0 62.1 26.0 2.81 229.26 152.71 118.75 827.69 166 254.2 514.3 63.2 76.5 30.00 0.014 148.16 98.7 115.2 334.7 493.0 46.8 53.6 
1400.0 789.4 210.4 7.30 908.06 752.37 635.26 224.25 564 263.6 1044.8 62.2 75.9 30.00 0.034 728.16 96.1 614.8 187.8 36.4 46.9 37.7 
1400.0 577.8 154.0 7.06 621.09 745.18 643.41 336.73 409.5 212.1 972.2 62.0 76.5 30.00 0.033 720.86 97.5 622.4 297.1 39.6 45.9 39.2 
1400.0 381.9 101.8 6.19 225.94 636.25 562.93 490.91 274.5 172.8 811.7 62.3 76.6 30.00 0.029 615.97 96.6 545.0 318.2 172.7 46.0 41.6 
580.8 1.6 0.2 3.60 237.24 276.80 217.96 1090.2 15.75 52.9 395.3 63.2 76.8 30.00 0.018 268.57 90.3 211.5 997.3 92.9 46.3 18.0 

---------GRAMSIHOUR- ---
WT. FAC Mode N02lNOX 

0/0 No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 319.19 320.13 1685.49 1341.8456 44460 1700422 140027.42 133.5 0.20 
15.00 2 302.01 134.28 1256.86 1049.6945 34560 1416160 108857.03 164.8 0.16 
15.00 3 291.54 114.05 767.40 652.9857 24360 1112947 76450.13 185.1 0.15 
10.00 4 284.54 158.42 168.20 133.82301 9960 739386 30560.14 171.4 0.22 
10.00 5 103.14 839.51 1105.96 929.55528 33840 1029917 106084.89 16.8 0.16 

10.00 6 116.60 432.30 824.29 710.99189 24570 773274 77171.14 13.8 0.14 

10.00 7 130.09 120.35 539.04 478.57959 16470 587333 51832.31 46.0 0.12 
15.00 8 27.83 12.17 22.64 18.354422 945 55420 2901.40 2.4 0.21 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 

WTDAVG BHP= 136.95 KW= 102.12 MODE 1 2 3 4 5 6 7 8 

PARTIe. WT, MG • 1.03 0.74 0.58 0.45 1.60 0.66 0.27 0.09 
Exh.Probe Mass Flow Rate (glSec.) 1.09 0.87 0.6820 0.44 0.86 0.67 0.57 0.14 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (Sec.)= 180 180 180 120 120 120 120 180 

DiI.Exh.Sample Mass-Part.Fllter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 
WTDAVGGWH= 204.52 242.15 823.61 685 24133 955733 75800 97.68 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.08 65.27 65.33 65.34 65.21 65.22 65.24 65.28 

Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5048.84 5063.39 5068.55 5068.82 5059.23 5059.70 5061.06 5064.61 

AVG GMlBHPH = 1.49 1.77 6.01 5.00 176.22 553.50 0.71 Partie.Mass Flow Rate (g/Hr.)= 26.578 23.982 23.947 43.102 78.529 41.473 20.084 18.484 

AVG GM/KWH= 2.00 2.37 8.06 6.70 236.31 742.25 0.96 GM/BHPH= 0.104 0.122 0.181 1.656 0.373 0.269 0.197 

WTD AVG GM/H = 32.267 

WT AVG N02lNOX RATIO D 0.172065604 WEIGHTED AVG GM/BHPH I: 0.236 

WTD AVG GM/KWH = 0.316 

Approved _8-Mode Test Result Ver.2 0812007 



~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISeON POLYMER 

8MLP47 (MULTI-FILTER) 
W/10x VISeON 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In Baro P fisCAL KNOx Fuelln KNO Methane NMHC Humidy OUP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GMiMIN scfm deglF GRILB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

1 2200.1 611.8 256.3 5.68 203.96 692.53 564.28 410.91 739.5 489.7 919.1 61.6 75.1 30.00 0.027 669.23 94.2 545.30043 225.8 185.07 47.8 54.3 
2 2200.0 469.8 196.8 5.29 103.56 619.97 526.51 456.83 573 409.1 853.1 59.5 76.2 30.00 0.025 596.00 96.6 506.15578 198.0 258.86 44.5 51.4 
3 2200.0 314.8 131.9 4.70 112.92 472.26 404.11 552.16 406.5 334.4 748.2 60.0 76.6 30.00 0.022 454.51 96.4 388.92635 194.1 358.10 44.2 52.3 
4 2200.0 62.0 26.0 2.84 226.57 163.15 118.88 796.99 164.5 252.4 510.1 58.2 75.5 30.00 0.014 156.33 97.5 113.90968 306.3 490.69 44.5 54.0 
5 1399.9 790.1 210.6 7.29 896.80 767.62 648.51 214.04 566 263.5 1043.7 59.7 74.8 30.00 0.034 738.18 95.0 623.64022 189.63 24.41 46.7 37.6 
6 1400.0 578.9 154.3 7.06 632.55 735.68 655.25 335.51 410.5 213.8 968.4 57.4 74.4 30.00 0.033 703.51 93.6 626.59944 282.0 53.47 45.6 38.2 
7 1399.9 382.1 101.8 6.19 225.37 642.77 566.57 459.16 275.5 173.6 803.7 56.7 74.1 30.00 0.029 613.52 92.9 540.n698 287.8 171.33 45.4 40.5 
8 587.4 1.7 0.2 2.78 223.05 248.78 185.93 905.21 16 53.8 383.5 58.0 74.2 30.00 0.014 238.23 89.8 178.04195 861.89 43.32 46.3 18.5 

GRAMSIHOUR- -----
WT. FAC Mode N02lNOX 

0/0 No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 320.09 319.36 1721.48 1394.7146 44370 1718595 139739.27 144.7 0.19 
15.00 2 296.06 134.90 1275.51 1080.8801 34380 1424497 108301.80 168.4 0.15 
15.00 3 284.82 117.08 774.22 664.53038 24390 1127928 76562.11 185.5 0.14 
10.00 4 269.05 153.74 174.27 129.7682 9870 725772 30329.89 167.4 0.27 
10.00 5 98.95 833.38 1126.97 947.59939 33960 1034626 106489.77 11.3 0.16 

10.00 6 116.35 440.92 805.64 716.81111 24630 773967 77349.40 18.6 0.11 

10.00 7 122.23 120.59 539.31 476.76652 16530 589512 52047.79 45.8 0.12 
15.00 8 30.25 14.98 26.29 20.27187 960 71915 2937.07 1.5 0.25 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP= 137.03 KW= 102.18 MODE = 1 2 3 4 5 6 7 8 

PARTIe. WT, MG • 0.92 0.77 0.68 0.49 1.50 0.69 0.23 0.07 
Exh.Probe Mass Flow Rate (g/See.)= 1.087 0.868 0.682 0.441 0.859 0.671 0.567 0.137 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTO AVG GM/H • 200.34 242.81 834.25 701 24114 963828 75753 99.33 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.08 65.34 65.36 65.37 65.19 65.22 65.23 65.33 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5049.10 5069.02 5070.58 5071.52 5057.57 5060.00 5060.39 5068.18 

AVG GMlBHPH = 1.46 1.77 6.09 5.12 175.98 552.82 0.72 Partie.Mass Flow Rate (g/Hr.)= 23.741 24.982 28.087 46.958 73.597 43.361 17.106 14.387 

AVG GMlKVVH 2 1.96 2.38 8.16 6.86 235.99 741.34 0.97 GM/BHPH 0.093 0.127 0.213 1.809 0.349 0.281 0.168 

WfD AVG GM/H = 31.782 

WT AVG N02lNOX RATIO • 0.175372224 WEIGHTED AVG GM/BHPH • 0.232 

WfD AVG GM/KWH = 0.311 

~Mode Test Result Ver.2 0812007 Approved _ 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP48 (MULTI-FILTER) 
W/10x VISCON 

EngSpd OynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In BaroP f/aCAl KNOx Fuelln KNO Methane NMHC Humidy OIlP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GMiMIN SCfm deglF GRllB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

2200.0 609.9 255.5 5.63 202.28 686.81 559.63 407.52 739.5 494.2 912.5 59.7 70.7 30.00 0.027 660.53 93.2 538.2 224.0 183.5 53.8 53.0 
2200.0 469.8 196.8 5.27 103.23 617.99 524.83 455.37 571 413.9 843.6 56.7 71.7 30.00 0.025 589.86 91.5 500.9 197.3 258.0 49.3 50.4 
2200.0 314.7 131.9 4.76 114.41 478.51 409.46 559.47 406.5 336.6 739.7 58.2 72.2 30.00 0.023 458.46 93.3 392.3 196.6 362.8 49.8 51.0 
2200.0 61.9 25.9 2.92 232.93 167.73 122.22 819.37 166 254.2 502.7 58.8 72.0 30.00 0.014 160.94 91.6 117.3 314.9 504.5 50.5 54.5 
1400.1 790.0 210.6 7.34 902.65 772.64 652.75 215.44 563 265.1 1031.8 57.7 71.5 30.00 0.034 739.47 92.6 624.7 190.9 24.6 50.6 36.6 
1400.1 577.7 154.1 7.03 629.49 732.11 652.07 333.88 410 212.1 961.1 56.4 71.6 30.00 0.033 698.35 94.2 622.0 280.7 53.2 49.3 38.3 
1400.0 381.6 101.7 6.19 225.39 642.85 see.63 459.22 275.5 173.6 801.3 56.2 71.8 30.00 0.029 612.84 94.0 540.2 287.9 171.4 48.8 40.5 
584.5 1.7 0.2 2.91 232.94 259.80 194.17 945.33 15.75 53.4 380.0 58.2 72.3 30.00 0.014 248.90 91.5 186.0 900.1 45.2 49.6 18.2 

GRAMSIHOUR- -----
WT.FAC Mode N02lNOX 

0/0 No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 320.09 319.36 1713.22 1387.8754 44370 1731718 139739.27 144.7 0.19 
15.00 2 295.03 134.43 1261.98 1069.4197 34260 1423284 107923.78 167.8 0.15 
15.00 3 284.82 117.08 770.76 661.63126 24390 1113534 76562.11 185.5 0.14 
10.00 4 271.50 155.14 176.10 131.14381 9960 712942 30606.45 168.9 0.27 
10.00 5 98.43 828.95 1115.65 938.16962 33780 1022605 105925.36 11.3 0.16 

10.00 6 116.21 440.39 802.64 714.1266 24600 776454 77255.18 18.6 0.11 

10.00 7 122.23 120.59 538.65 476.18757 16530 589408 52047.79 45.8 0.12 
15.00 8 29.78 14.75 25.89 19.965221 945 67863 2891.18 1.5 0.25 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
MODE = 1 2 3 4 5 6 7 8 

WTDAVG BHP= 136.88 KW= 102.07 PARTie. WT, MG = 1.01 0.74 0.54 0.36 1.50 0.72 0.30 0.12 
Exh.Probe Mass Flow Rate (g/See.)= 1.09 0.87 0.68 0.44 0.86 0.67 0.57 0.14 

Sample Time (See.)= 180 180 180 120 120 120 120 180 
HC CO KNOX KNO FUEL EXHAUST CO2 NMHC oil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 

Oil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.04 65.24 65.36 65.37 65.22 65.25 65.25 65.37 
WTO AVG GM/H = 200.29 242.35 829.08 697 24082 960601 75651 99.38 oil.Tunnel Tot Mass Flow (kg/Hr.)= 5046.05 5061.70 5070.70 5071.14 5059.76 5061.78 5062.22 5071.56 

Partie.Mass Flow Rate (g/Hr.)= 26.05 23.97 22.3051 34.50 73.63 45.26 22.32 24.68 
AVG GM/BHPH = 1.46 1.77 6.06 5.09 175.93 552.67 0.73 

GM/BHPH= 0.102 0.122 0.169 1.331 0.350 0.294 0.219 
AVGGM/KWH 1.96 2.37 8.12 6.83 235.92 741.14 0.97 

WTO AVG GM/H = 32.12 

WEIGHTED AVG GM/BHPH = 0.235 
'NT AVG N02lNOX RATIO II 0.175372224 

WTD AVG GM/KWH = 0.315 

Approved _B-Mode Test Result Ver.2 0812007 



~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP49 (MULTI-FILTER) 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AlrMas EngExh ABSHUM Air In BaroP f/aCAl KNOx Fuelln KNO Methane NMHC Humidy OIlP 
Mode RPM lbooft Hp % ppm ppm ppm ppm GMIMIN scfm deglF GRiLB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

2200.0 611.3 256.1 5.69 182.24 693.46 569.50 410.00 744.5 496.3 908.2 54.4 68.7 30.00 0.027 658.23 93.4 540.57 212.8 197.2 52.5 55.1 
2200.0 469.9 196.8 5.33 98.51 612.57 519.79 452.86 576.5 415.1 840.0 56.9 70.5 30.00 0.025 585.09 97.5 496.47 183.4 269.4 51.6 52.1 
2200.0 315.0 131.9 4.75 107.93 471.80 399.33 552.61 410 338.7 739.7 57.3 71.2 30.00 0.023 451.09 98.1 381.81 188.9 363.7 50.7 52.8 
2200.1 62.0 26.0 2.91 224.23 168.09 121.80 799.65 170 255.4 505.3 57.1 71.3 30.00 0.014 160.62 98.2 116.39 300.1 499.5 50.4 54.7 
1400.0 789.8 210.5 7.36 874.84 780.84 663.13 211.41 564.5 266.5 1027.4 57.3 70.9 30.00 0.035 746.57 93.1 634.03 202.4 9.1 51.2 38.4 
1399.9 578.0 154.1 7.14 590.51 736.93 661.49 342.37 409 214.5 957.9 56.0 71.6 30.00 0.033 702.33 95.0 630.42 273.3 69.0 49.0 40.3 
1400.0 382.1 101.8 6.40 221.12 679.58 595.42 469.39 276 172.7 801.9 58.0 71.8 30.00 0.030 650.83 93.7 570.23 286.2 183.2 50.3 42.6 
588.1 1.8 0.2 6.05 127.42 773.91 433.29 561.38 16.75 53.0 341.2 60.1 72.2 30.00 0.028 744.96 90.9 417.09 421.6 139.7 51.4 19.0 

--------GRAMSIHOUR- -----
WT. FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 320.83 286.65 1700.93 1388.7995 44670 1724954 140743.36 154.9 0.18 
15.00 2 293.43 128.31 1251.89 1059.8368 34590 1424129 108989.01 175.2 0.15 
15.00 3 284.57 111.72 767.09 651.20011 24600 1126106 77239.85 188.0 0.15 
10.00 4 272.49 153.59 180.74 133.75861 10200 732954 31369.82 171.9 0.28 
10.00 5 96.64 803.79 1126.89 952.52013 33870 1022985 106257.07 4.1 0.15 

10.00 6 117.15 406.15 793.60 711.69639 24540 764025 77114.98 23.7 0.10 
10.00 7 121.11 114.68 554.54 487.32259 16560 572557 52156.09 47.5 0.12 
15.00 8 9.30 4.24 40.75 23.02278 1005 36657 3163.38 2.3 0.44 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP= 136.99 KW= 102.16 MODE = 1 2 3 4 5 6 7 8 

PARTIe. WT, MG = 0.83 0.75 0.48 0.37 1.48 0.53 0.19 0.11 
Exh.Probe Mass Flow Rate (g/See.)= 1.09 0.87 0.68 0.44 0.86 0.67 0.57 0.14 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTD AVG GM/H = 196.96 227.46 829.68 697 24247 956029 76210 102.79 Oil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.04 65.32 65.32 65.34 65.19 65.23 65.23 65.32 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5045.76 5067.78 5067.81 5069.31 5057.05 5060.65 5060.61 5067.85 

AVG GM/BHPH = 1.44 1.66 6.06 5.09 176.99 556.30 0.75 Partie.Mass Flow Rate (g/Hr.)= 21.40 24.33 19.82 35.44 72.61 33.31 14.13 22.61 

AVG GMlKWHz 1.93 2.23 8.12 6.82 237.35 746.01 1.01 GM/BHPH= 0.084 0.124 0.150 1.364 0.345 0.216 0.139 

WTD AVG GM/H = 28.772 

WT AVG N02lNOX RATIO = 0.203824766 WEIGHTEDAVG GM/BHPH = 0.210 

WTD AVG GM/KWH = 0.282 

Approved _~Mode Test Result Ver.2 0812007 



------

~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP50 (MULTI-FILTER) 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In Bara P f/aCAl KNOx Fuelln KNO Methane NMHC Humidy OilP 
Mode RPM It>-ft Hp % ppm ppm ppm ppm GMiMIN scfm deg/F GRilB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

1 2200.0 604.0 253.0 5.78 196.94 694.88 572.07 431.53 734.5 489.7 916.7 66.4 73.4 30.20 0.027 679.71 93.4 559.57747 263.4 168.1 54.8 51.6 
2 • 2200.0 469.8 196.8 5.35 101.70 606.35 512.20 467.35 574.5 414.2 848.0 60.6 74.1 30.20 0.025 584.50 96.1 493.73734 221.4 246.0 48.9 51.2 
3 2200.0 314.8 131.8 4.79 114.09 468.26 394.01 571.51 407 337.6 748.1 63.6 74.7 30.20 0.023 454.74 96.3 382.63554 222.3 349.2 50.2 52.2 
4 2200.0 62.1 26.0 2.97 222.14 172.33 124.77 824.28 167.5 254.7 509.3 65.0 74.8 30.20 0.015 167.95 96.6 121.60066 348.1 476.2 51.2 54.0 
5 1399.9 789.6 210.5 7.43 902.43 760.49 641.15 235.94 566.5 268.0 1035.4 62.5 74.2 30.20 0.035 736.47 93.6 620.90079 195.2 40.7 50.3 38.8 
6 1400.0 577.9 154.1 7.15 612.86 735.33 628.75 340.65 410.5 216.4 957.0 64.7 74.6 30.20 0.034 716.24 94.4 612.41848 305.1 35.5 51.4 40.4 
7 1400.0 382.0 101.8 6.36 216.00 641.24 557.16 441.93 276 174.4 800.7 64.9 75.1 30.20 0.030 624.86 95.2 542.92494 312.7 129.2 50.6 42.8 
8 567.6 1.0 0.1 3.55 233.99 300.09 213.51 1033.52 16 .51.3 382.7 62.1 75.6 30.20 0.017 290.33 88.7 206.56721 862.9 170.6 47.7 18.3 

--------GRAMSIHOUR-
WT. FAC Mode N02lNOX 

0/0 No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 328.21 301.09 1707.16 1398.1787 44070 1680546 138787.28 128.4 0.18 
15.00 2 300.17 131.30 1239.70 1045.1359 34470 1412731 108580.98 158.6 0.16 
15.00 3 289.61 116.21 760.96 642.47587 24420 1109471 76643.86 177.8 0.16 
10.00 4 271.25 146.94 182.52 135.02506 10050 708981 30906.63 158.5 0.28 
10.00 5 107.22 824.33 1105.21 927.70629 33990 1018765 106573.39 18.5 0.16 

10.00 6 116.71 422.05 810.32 692.19714 24630 765989 77377.92 12.2 0.14 

10.00 7 114.78 112.76 535.92 466.8578 16560 576695 52179.11 33.7 0.13 
15.00 8 27.19 12.37 25.22 18.456877 960 57216 2950.84 4.6 0.29 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP= 136.49 KW= 101.78 MODE = 1 2 3 4 5 6 7 8 

PARTie. WT, MG :II 0.96 0.71 0.62 0.45 1.53 0.62 0.26 0.11 
Exh.Probe Mass Flow Rate (g/See.)= 1.09 0.87 0.6820 0.44 0.86 0.67 0.57 0.14 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTO AVG GM/H :. 202.77 234.75 823.35 688 24111 946038 75748 92.71 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.14 65.33 65.37 65.37 65.20 65.23 65.23 65.38 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5048.84 5063.39 5068.55 5068.82 5059.23 5059.70 5061.06 5064.61 

AVG GM/BHPH· 1.49 1.72 6.03 5.04 176.64 554.95 0.68 Partie.Mass Flow Rate (g/Hr.)= 31.481 35.973 30.553 80.458 72.149 36.446 23.803 20.538 

AVGGMlKWH- 1.99 2.31 8.09 6.76 236.88 744.21 0.91 GM/BHPH= 0.124 0.183 0.232 3.098 0.343 0.237 0.234 

WTD AVG GM/H = 39.067 

WT AVO N02lNOX RATIO :: 0.187763995 WEIGHTED AVG GM/BHPH :II 0.289 

WTD AVG GM/KWH = 0.384 

Approved _8-Mode Test Result Ver.2 08/2007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP51 (MULTI-FILTER) 

Mode 
EngSpd 

RPM 
DynTrq 

It>-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GMiMIN 

A1rMas 
scfm 

EngExh 
degiF 

ABSHUM 
GRiLB 

Air In 
degF 

Baro P 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
pslg 

2200.0 
2200.0 
2200.0 
2200.0 
1400.1 
1399.9 
1400.0 
576.3 

601.4 
470.0 
314.4 
62.1 

789.1 
578.3 
382.3 

1.2 

251.9 
196.9 
131.7 
26.0 

210.4 
154.1 
101.9 

0.1 

5.61 
5.27 
4.71 
2.83 
7.35 
7.08 
6.29 
3.07 

189.00 
104.41 
114.20 
225.99 
911.36 
626.44 
225.08 
267.56 

679.15 
622.08 
476.77 
175.24 
731.41 
742.21 
635.84 
334.14 

539.90 
509.48 
391.61 
125.14 
629.62 
620.91 
545.28 
247.38 

418.00 
457.53 
562.81 
805.65 
241.34 
339.94 
456.98 

1147.15 

725 
576.5 

406 
167 

566.5 
411.5 

276 
16 

.489.4 
413.4 
337.8 
254.9 
266.7 
214.0 
173.6 
52.3 

906.7 
851.6 
748.0 
509.0 

1036.4 
963.0 
802.2 
385.3 

63.5 
64.6 
63.9 
63.5 
63.1 
63.6 
63.2 
64.0 

74.5 
76.1 
76.4 
76.4 
76.2 
76.8 
77.0 
77.4 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.026 
0.025 
0.022 
0.014 
0.034 
0.033 
0.030 
0.015 

659.44 
605.75 
463.41 
170.17 
709.50 
720.80 
616.92 
324.87 

95.4 
97.6 
98.4 
98.7 
95.9 
96.3 
96.1 
91.2 

524.24 
496.10 
380.64 
121.52 
610.76 
603.00 
529.06 
240.51 

248.9 
220.8 
224.2 
348.4 
200.6 
311.7 
319.7 
982.9 

169.1 
236.7 
338.6 
457.2 

40.8 
28.2 

137.3 
164.3 

50.6 
48.7 
47.7 
47.4 
47.4 
46.8 
46.2 
46.3 

52.9 
50.5 
51.5 
54.1 
38.4 
40.1 
42.8 
18.6 

wr. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

323.43 
299.26 
289.43 
277.84 
110.80 

293.94 
137.27 
118.05 
156.65 
841.02 

1684.94 1332.2618 
1308.38 1069.1714 

786.96 648.52335 
193.78 141.46758 

1075.65 921.93577 

43500 
34590 
24360 
10020 
33990 

1706412 
1438496 
1125152 
741838 

1028610 

136999.00 
108956.51 
76450.55 
30775.08 

106535.86 

131.4 
155.5 
175.0 
159.6 

18.8 

0.21 
0.18 
0.18 
0.29 
0.14 

10.00 

10.00 
15.00 

6 

7 
8 

117.92 

119.93 
34.59 

436.81 

118.73 
16.22 

825.71 690.07195 

534.64 459.80621 
32.35 24.821474 

24690 

16560 
960 

774978 

582225 
65333 

77541.90 

52153.47 
2921.45 

9.8 

36.2 
5.1 

0.16 

0.14 
0.26 

WTDAVG BHP= 

WTO AVG GMiH = 

AVG GM/BHPH = 

136.33 

HC 

204.65 

1.50 

KW= 

CO KNOX 

240.14 834.87 

1.76 6.12 

101.66 

KNO 

683 

5.01 

FUEL 

24038 

176.32 

EXHAUST 

963074 

CO2 

75500 

553.80 

NMHC 

92.48 

0.68 

W.F. 

MODE = 
PARTie. WT, MG = 

Exh.Probe Mass Flow Rate (g/See.)= 
Sample Time (See.)= 

Dil.Exh.Sample Mass-Part.Filter (kg) = 
Dil.Tunnel Tot Flow Temp.Corr. (semm)= 

Oil.Tunnel Tot Mass Flow (kg/Hr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

1.06 
1.09 
180 

0.20 
65.04 

5045.73 
27.34 

0.15 
2 

0.85 
0.87 
180 

0.16 
65.24 

5061.35 
27.54 

0.15 
3 

0.75 
0.6820 

180 
0.1228 

65.39 
5072.67 

30.99 

0.10 
4 

0.55 
0.44 
120 

0.05 
65.37 

5071.56 
52.71 

0.10 
5 

1.68 
0.86 
120 

0.10 
65.17 

5055.83 
82.40 

0.10 
6 

0.75 
0.67 
120 

0.08 
65.22 

5060.13 
47.13 

0.10 
7 

0.31 
0.57 
120 

0.07 
65.21 

5059.29 
23.05 

0.15 
8 

0.15 
0.14 
180 

0.02 
65.34 

5069.18 
30.83 

AVG GM/KWH = 2.01 2.36 8.21 6.71 236.45 742.66 0.91 GM/BHPH= 0.108 0.140 0.235 2.029 0.392 0.306 0.226 

WTD AVG GM/H z 38.034 

WT AVG N02lNOX RATIO = 0.196737998 WEIGHTED AVG GM/BHPH z 0.279 

WTD AVG GM/KWH = 0.374 

Approved _8-Mode Test Result Ver.2 0812007 



~Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP52 (MULTI-FILTER) 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AlrMas EngExh ABSHUM Air In BaroP f/aCAl KNOx Fuelln KNO Methane NMHC Humidy OIlP 
Mode RPM It>-ft Hp % ppm ppm ppm ppm GM/MIN scfm deg/F GRllB degF InHga FACTOR PPM degF PPM ppm ppm 0/0 psig 

2200.0 590.0 247.2 5.64 186.42 643.11 537.92 423.07 720 479.4 905.7 64.2 77.7 30.20 0.027 625.61 99.4 523.27 259.5 163.6 45.9 53.6 
2200.0 469.8 196.8 5.37 109.45 573.52 507.17 461.02 576 409.3 857.2 64.2 78.8 30.20 0.025 557.91 101.6 493.37 233.5 227.5 44.3 51.3 
2200.0 315.3 132.1 4.87 129.14 444.01 396.87 572.82 409 333.3 754.9 64.9 79.9 30.20 . 0.023 432.60 102.2 386.68 240.2 332.6 43.1 51.9 
2200.0 62.0 26.0 3.02 244.49 155.37 124.79 828.69 167 252.7 512.8 64.1 79.9 30.20 0.015 151.10 102.1 121.36 361.5 467.2 42.7 53.4 
1400.0 789.0 210.3 7.55 914.79 708.34 636.93 239.95 567.5 264.6 1045.4 63.6 79.5 30.20 0.035 687.92 99.2 618.57 183.8 56.1 42.8 38.1 
1400.0 577.7 154.0 7.34 668.65 700.70 640.72 326.97 413 212.3 972.8 63.7 80.1 30.20 0.034 680.63 99.8 622.38 318.8 8.1 42.0 39.8 
1400.0 382.2 101.9 6.54 234.50 604.31 563.76 467.79 275.5 170.4 809.2 63.5 80.4 30.20 0.031 586.82 100.5 547.44 333.6 134.1 41.6 42.1 
574.6 1.2 0.1 3.96 291.61 268.59 236.68 946.53 15.5 50.5 387.7 64.0 80.6 30.20 0.019 261.10 95.2 230.09 946.5 0.0 41.5 18.3 

-------GRAMSIHOUR- -----
'NT. FAC Mode N02lNOX 

0/0 No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 323.26 286.31 1578.52 1313.4707 43200 1685740 136056.48 125.6 0.16 
15.00 2 295.69 141.10 1181.84 1042.7405 34560 1411710 108866.26 146.5 0.12 
15.00 3 286.60 129.87 714.74 640.99105 24540 1096429 77013.94 167.2 0.11 
10.00 4 267.28 158.51 160.94 132.0557 10020 695116 30805.49 152.5 0.20 
10.00 5 107.48 823.68 1017.60 911.11791 34050 1005615 106784.58 25.2 0.10 

10.00 6 109.76 451.17 754.50 689.12641 24780 751660 77831.63 2.7 0.09 

10.00 7 117.86 118.76 488.24 456.80825 16530 560215 52064.45 34.0 0.07 
15.00 8 21.74 13.46 19.81 17.860163 930 49914 2870.84 0 0.12 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTDAVG BHP I: 135.64 KW= 101.15 MODE = 1 2 3 4 5 6 7 8 

PARTIe. WT, MG = 1.04 0.71 0.71 0.58 1.72 0.72 0.60 0.11 
Exh.Probe Mass Flow Rate (g/Sec.)= 1.09 0.87 0.6820 0.44 0.86 0.67 0.57 0.14 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (Sec.)= 180 180 180 120 120 120 120 180 
DiI.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 

WTO AVG GM/H ::I 199.33 240.82 766.34 671 24023 937830 75468 87.34 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.07 65.23 65.35 65.34 65.23 65.21 65.25 65.35 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5048.02 5060.38 5069.91 5069.41 5060.63 5058.61 5062.34 5069.51 

AVG GMlBHPH = 1.47 1.78 5.65 4.95 177.10 556.37 0.64 Partie.Mass Flow Rate (g/Hr.)= 26.83 23.00 29.32 55.56 84.44 45.23 44.64 22.61 

AVG GMlKWH 1.97 2.38 7.58 6.64 237.50 746.10 0.86 GM/BHPH= 0.109 0.117 0.222 2.138 0.402 0.294 0.438 

WTD AVG GM/H = 38.252 

WT AVG N02lNOX RATIO = 0.120660396 WEIGHTED AVG GM/BHPH :I: 0.282 

WTD AVG GM/KWH = 0.378 

Approved _8-Mode Test Result Ver.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING' OF VlseON POLYMER 

8MLP53 (MULn-FILTER) 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwT 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FID 
ppm 

FUEL RT 
GM/MIN 

AirMas 
scfm 

EngExh 
deglF 

ABSHUM 
GR/LB 

Air In 
degF 

BaroP 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OIlP 
psig 

nHlnC 
RATIO 

2200.0 
2200.0 
2200.1 
2200.0 
1400.0 
1400.0 
1400.1 
569.3 

598.1 
469.9 
314.6 
62.0 

788.5 
578.0 
382.1 

1.2 

250.6 
196.8 
131.8 
26.0 

210.2 
154.1 
101.9 

0.1 

5.71 
5.38 
4.82 
2.92 
7.41 
7.15 
6.36 
3.17 

206.90 
113.12 
119.44 
227.00 
910.86 
661.36 
233.08 
304.73 

664.74 
611.36 
478.56 
177.40 
761.73 
761.36 
661.16 
368.19 

538.36 
512.42 
400.73 
131.79 
637.99 
648.33 
579.43 
262.60 

405.81 
469.03 
572.66 
831.10 
227.06 
328.07 
472.10 

1100.47 

734 
578.5 

407 
166 
568 
412 

276.5 
15.25 

479.4 
408.9 
331.7 
253.2 
266.3 
213.4 
173.3 
51.4 

922.7 
864.6 
759.7 
516.3 

1050.6 
974.7 
811.2 
387.0 

64.5 
61.9 
61.8 
59.3 
59.8 
59.2 
59.5 
61.1 

80.4 
81.9 
81.7 
81.0 
79.5 
79.0 
78.6 
78.5 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.027 
0.025 
0.023 
0.014 
0.035 
0.034 
0.030 
0.016 

647.00 
591.17 
462.66 
170.43 
732.69 
731.36 
635.53 
355.31 

100.4 
103.0 
103.3 
103.4 
101.1 
101.9 
101.3 
96.3 

524.00 
495.49 
387.42 
126.62 
613.67 
622.78 
556.98 
253.42 

248.5 
226.3 
224.4 
337.9 
177.4 
303.9 
320.9 
923.6 

159.3 
242.7 
348.2 
493.2 

49.7 
24.2 

151.2 
176.9 

42.2 
38.6 
38.7 
38.1 
40.3 
40.6 
41.3 
42.5 

53.4 
51.1 
51.7 
53.2 
37.3 
39.5 
41.6 
18.0 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

312.19 
301.59 
288.50 
275.85 
103.69 

319.95 
148.20 
120.95 
151.45 
836.13 

1643.69 1323.6835 
1255.28 1050.0132 
769.71 648.71566 
186.80 141.8949 

1104.95 921.27801 

44040 
34710 
24420 

9960 
34080 

1698405 
1414955 
1103004 

714145 
1023386 

138712.72 
109317.13 
76639.92 
30598.53 

106852.51 

123.1 
156.7 
176.3 
165.5 
22.7 

0.19 
0.16 
0.16 
0.26 
0.16 

10.00 

10.00 
15.00 

6 

7 
8 

112.75 

122.83 
30.68 

456.89 

121.89 
17.08 

830.04 705.99786 

548.02 479.98817 
32.71 24.121764 

24720 

16590 
915 

767834 

577230 
60455 

77622.18 

52234.85 
2789.18 

8.4 

39.5 
5.1 

0.15 

0.12 
0.29 

WTDAVG BHP= 

WTO AVG GMIH = 

AVG GMlBHPH. 

136.11 

HC 

201.46 

1.48 

KW= 

CO KNOX 

247.26 821.99 

1.82 6.04 

101.60 

KNO 

682 

6.01 

FUEL 

24148 

177.42 

EXHAUST 

949782 

CO2 

75850 

557.28 

NMHC 

92.78 

0.68 

W.F. 
MODE = 

PARTie. WT, MG 
Exh.Probe Mass Flow Rate (g/See.)= 

Sample Time (See.)= 
Dil.Exh.Sample Mass-Part.Filter (kg) = 

Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 
Dil.Tunnel Tot Mass Flow (kglHr.)= 

Partie. Mass Flow Rate (g/Hr.)= 

0.15 
1 

1.08 
1.09 
180 

0.20 
65.04 

5045.83 

27.85 

0.15 

2 
0.83 
0.87 
180 

0.16 
65.29 

5064.86 
26.91 

0.15 

3 
0.62 
0.68 
180 

0.12 
65.38 

5072.26 

25.62 

0.10 
4 

0.56 
0.44 
120 

0.05 
65.35 

5070.10 
53.65 

0.10 

5 
1.72 
0.86 
120 

0.10 
65.20 

5058.18 
84.40 

0.10 
6 

0.76 
0.67 
120 

0.08 
65.25 

5061.98 
47.78 

0.10 

7 
0.35 
0.57 
120 

0.07 
65.22 

5059.60 
26.03 

0.15 
8 

0.15 
0.14 
180 

0.02 
65.32 

5067.37 
30.82 

AVG GMlKWH = 1.98 2.44 8.10 6.72 237.92 747.32 0.91 GM/BHPH 0.111 0.137 0.194 2.067 0.402 0.310 0.255 

WTD AVG GMIH = 37.866 

WT AVG N02lNOX RATIO = 0.189363726 WEIGHTED AVO GM/BHPH  0.278 

WTD AVG GMIKWH = 0.373 

Approved _8-Mode Test Result Ver.2 0812007 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of20 minutes. Modes 1, 2, 3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 The constant volume sampling system (CVS) continually dilutes the exhaust gas with finely filtered room 
air to maintain a constant volume of exhaust gas plus dilute air over the test interval. Coincidentally a 
second bag is being filled continuously with the same air used to dilute the exhaust gas. Therefore at the 
end of each test there are bag samples of the proportional and integrated dilute exhaust and the filtered air 
that was used to dilute the exhaust. 

2.0	 Method Summary 

2.1	 Samples analyzed for Volatile Organic Compounds (VOC's) are collected from the integrated bag 
samples that have been continuously filled during the test cycle. One bag is filled with dilution air, while 
the other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to the 
constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. For every 
emission sample and tunnel blank sampled, a dilution air sample must be co-sampled for background 
correction. Tedlar bag samples are analyzed by gas chromatography (GC). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

4.4	 To prevent sample contamination, Tedlar bags are used only once. 
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5.0	 Interferences and Potential Problems 

5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any 
reactive hydrocarbons. 

5.1.1	 The compound 1,3-butadiene, resulting mostly during cold-start testing by the combustion of 
olefins, is extremely unstable as it easily polymerizes in the presence of oxygen. Therefore all 
samples analyzed for 1,3-butadiene must be run within 1 hour of collection. 

6.0	 Equipment/Apparatus 

6.1	 Tedlar bags: SKC, Inc., 1 L in capacity, or equivalent 

6.2	 Super Syringe: Fisher Scientific, 1 L 

6.3	 Teflon diaphragm vacuum-pressure pump: Bamant Co., or equivalent 

6.4	 Sampling Train Schematic 
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7.0	 Procedure 

7.1	 Sample collection 

7.1.1	 After the analysis of the bag samples collected from the emission test, aT-connected valve is 
turned enabling the sample to flow through the Teflon diaphragm pump to the Tedlar bag. 

7.1.2	 A dilution air sample is collected first by setting the CVS to "read bag 1 or 2". Before connecting 
the Tedlar bag to the pump, the pump should be run for about 30 seconds to flush any 
contaminants from previous samples. The Tedlar bag is then attached to the pump and powered 
on to collect the sample. 

7.1.3	 A tunnel blank or dilute exhaust sample is collected next by setting the CVS to "read bag 4 or 5". 
Before connecting the Tedlar bag to the pump, the pump should be run for about 30 seconds to 
flush any contaminants from previous samples. The Tedlar bag is then attached to the pump and 
powered on to collect the sample. 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations. 

7.1.5	 The Tedlar bag samples are quickly taken into the laboratory and shaded from direct light for 
analysis by GC. 

8.0	 Quality Control/Quality Assurance 

8.1	 Dilution Air Sample 

8.1.1	 A dilution air sample is collected for every emission sample and tunnel blank to correct for 
background levels in the ambient dilution air. 

8.2	 Tunnel Blank Sample 

8.2.1	 A tunnel blank sample is collected each analysis day to note any hydrocarbon contamination that 
may be in the tunnel. 

8.3	 Duplicate Sample 

8.3.1 A duplicate emission sample is collected each analysis day for quality purposes. 

8.4	 Data Comparisons 

8.4.1	 The VOC sampling protocol provides the same gas sample used in the official calculation of 
results from the emission test. The hydrocarbon (HC) data can be compared to the GC data. 

8.4.2	 The primary bag gas data are printed out on every test report automatically along with other 
engine operating data. The dilution ratio and work for the entire test is also printed out on each 
report from the precise CVS flow data. Accordingly, there is generally no need to dilute the 
Tedlar bag samples before GC analysis. 
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8.5	 Leak Checks 

8.5.1	 Sampling Train 

8.5.1.1 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

8.5.2	 Tedlar Bags 

8.5.2.1 Tedlar bags may	 be leak checked by filling the bag and leaving it under pressure 
overnight. If the bag deflates, it should not be used for sample collection. 

8.6	 Flow Rates 

8.6.1	 The flow rate into the CVS bags is controlled by the Horiba CVS with needle valves. The flow 
rate over the 20 minute transient test cycle is 5 Llmin, while the flow rate over the 40 minute 
steady state test cycle is 2.5 L/min. 
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1.0 Scope and Application 

This SOP is based on CARB Method 1002 and describes the use of gas chromatography (GC) coupled 
with flame ionization detection (FID) for the detennination of C2-CS hydrocarbons (light-end 
hydrocarbons) in the ppbC range from automotive source samples. The compounds listed below may be 
detennined by this method: 

========================================================================================-~===== 

Compound CAS Registry No. 

ethene 00074-85-1 
ethyne 00074-86-2 
ethane 00074-84-0 
propene 00115-07-1 
propane 00074-98-6 
1,2-propadiene 00463-49-0 
1-propyne 00074-99-7 
2-methylpropane 00075-28-5 
2-methylpropene (isobutene) 00115-11-7 
1-butene 00106-98-9 
1,3-butadiene 00106-99-0 
n-butane 00106-97-8 
trans-2-butene 00624-64-6 
2,2-dimethylpropane 00463-82-1 
1-butyne 00107-00-6 
cis-2-butene 00590-18-1 
3-methyl-1-butene 00563-45-1 
2-methylbutane 00078-78-4 
2-butyne 00503-17-3 
1-pentene 00109-67-1 
2-methyl-1-butene 00563-46-2 
n-pentane 00109-66-0 
2-methyl-1,3-butadiene 00078-79-5 
trans-2-pentene 00646-04-8 
3,3-dimethyl-1-butene 00558-37-2 
cis-2-pentene 00627-20-3 
1-buten-3-yne 00689-97-4 
2-methyl-2-butene 00513-35-9 
1,3-cyclopentadiene 00542-92-7 
2,2-dimethylbutane 00075-83-2 
cyclopentene 00142-29-0 
4-methyl-1-pentene 00691-37-2 
3-methyl-1-pentene 00760-20-3 
cyclopentane 00287-92-3 
2,3-dimethylbutane 00079-29-8 
1-methyl-tert-butyl-ether 01634-04-4 
4-methyl-cis-2-pentene 00691-38-3 
2-methylpentane 00107-83-5 
4-methyl-trans-2-pentene 00674-76-0 
3-methylpentane 00096-14-0 
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2-methyl-1-pentene 00763-29-1 
1-hexene 00592-41-6 
n-hexane 00110-54-3 

1.2	 This method is restricted to use by, or under the supervision of, analysts experienced in the use of gas 
chromatographs. Analysts should also be skilled in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method. 

2.0	 Method Summary 

2.1	 This method provides GC/FID conditions for the detection of the target analytes. Exhaust samples are 
introduced to the GC from Tedlar bags by means of gas sampling valves. Separation of the sample 
hydrocarbons takes place in a 50 m 0.32 mm ID PLOT fused silica column. Quantitative analysis is 
performed by the FID using an external standard approach. The computerized GC data acquisition system 
identifies the hydrocarbons and concentrations are determined by peak area response factors. 

2.2	 Prior to the use of this method, appropriate sample collection techniques must be used. 

2.2.1	 Samples are collected from the exhaust in Tedlar bags. Dilutions may apply and must be 
accounted for in final calculations. 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

5.0	 Interferences and Potential Problems 
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5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any 
reactive hydrocarbons. 

5.1.1	 The compound 1,3-butadiene, resulting mostly during cold-start testing by the combustion of 
olefins, is extremely unstable as it easily polymerizes in the presence of oxygen. Therefore all 
samples analyzed for 1,3-butadiene must be run within 1 hour of collection. 

5.2	 Any component present in the sample with a retention time very similar to that of a target hydrocarbon 
would interfere or coelute. If separation cannot be achieved, confirmation of identification should be done 
using a different column for separation, or an alternate detector, e.g., mass spectrometer (MS), 
photoionization detector (PID), etc. 

6.0	 Equipment/Apparatus 

6.1	 GC/FID 

6.1.1	 Gas Chromatograph (GC) - Varian CP-3800 with programmable oven temperatures, 10 mL fixed 
volume injection loop for automated transfer of gaseous samples from the Tedlar bag to the GC, 
and analytical column interfaced with a flame ionization detector (FlO). 

~.1.1.1	 GC Column- Varian CP 7515 PLOT fused silica, 50 m x 0.32 mm 10, or equivalent. 

6.1.2	 Data System - Dell-PC computer with Varian Star software capable of continuous acquisition 
and storage of all data obtained throughout the duration of the chromatographic program. 

6.2	 Nitrogen, compressed and liquid. Miaimum purity of99.998 %. 

6.3	 Helium, compressed. Minimum purity of99.995 %. 

6.4	 Hydrogen, compressed. Minimum purity of99.995 %. 

6.5	 Air, compressed. "Zero" grade «1 ppmC total hydrocarbon contamination), or better. 

6.6	 Tedlar bags: SKC, Inc., 5 to 10 L in capacity, or equivalent. 

6.7	 Super Syringe: Fisher Scientific, 1 L. 

7.0	 Reagents 

7.1	 NIST-certified SRM or secondary NIST-traceable standards shall be used in all tests. A secondary 
standard is obtained by a comparison between a SRM and a candidate standard. 

7.2	 Calibration Standard 

7.2.1	 The quantitative calibration standard for all target hydrocarbons is propane. 
Lehner/Martin, Inc. Propane Std. in zero air - 2955 ppbC, or equivalent 
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7.3	 Control Standard 

7.3.1	 Quality control standard, containing at least ethane, propane, n-butane, 2-methylpropene and 1,3
butadiene at concentrations between 200 and 3000 ppbC based on a propane standard. This 
standard is used as a daily update of control charts and a daily determination of marker retention 
time windows. 

Scott-Marrin, Inc. 23 Component custom blend in nitrogen, or equivalent 

7.4	 A high concentration standard (higher than the calibration standard), containing the target hydrocarbons 
listed in Section 7.3.1, is used for linearity determinations. The high concentration standard must have 
concentrations verified against a NIST-traceable propane standard. 

7.5	 A low concentration standard (5 to 10 times the estimated MDL), containing the target hydrocarbons 
listed in Section 7.3.1, is used for MDL determinations. The low concentration standard must have 
concentrations verified against a NIST-traceable propane standard. 

7.5.1 In lieu of a low concentration standard, a higher concentration standard may be diluted. 

8.0	 Procedure 

8.1	 Sample collection 

8.1.1	 Specific sample collection procedures can be found in the VOC Sampling Protocol. 

8.1.2	 In general, samples are collected from the integrated bag samples that have been continuously 
filled during the 1200 second transient test cycle. One bag is filled with dilution air, while the 
other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to 
the constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. 

8.2	 GC chromatographic conditions: 

Injection volume: 10 mL fixed loop 
Injector temperature: -180 C (hold 7.10 min) to 250 C (hold 61.25 min) @ 200 C/min 
Helium carrier flow: 3 mL/min 
Nitrogen aux. flow: 27 mL/min 
Hydrogen flow: 30 mL/min 
Air flow: 300 mL/min 
Column temperature: oC (hold 10 min) to 200 C (hold 20 min) @ 5 C/min 
Detector temperature: 250C 

8.3	 Samples in Tedlar bags are connected to one of sixteen ports on the autosampler and the analytical 
process then begins. 

8.4	 The sample is introduced into the carrier gas stream through the injection valve. 

8.5	 Each separated analyte exits the column into the FID where a response is generated. 

8.6	 Hydrocarbon concentrations are calculated in parts per billion of carbon (ppbC) by Varian's Star software 
from the NIST-traceable propane calibration standard. 
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8.7	 Analytes with concentrations higher than demonstrated in the instruments range of linearity must be 
diluted and rerun. 

8.8	 Peak identification and integration are checked and corrected if necessary by the analyst. 

8.9	 Target compounds that coelute are reported as the major component. 

8.10	 The PLOT fused silica analytical column is heated to 200 C to prevent carry over and assure all 
compounds are eluted before the next run. 

9.0	 Calculations 

9.1	 The target hydrocarbon concentrations, in ppbC, are calculated by the data system using propane as an 
external standard. 

Concentrationsample (PpbC) = Peak Areasample x Response Factor 

where the response factor (RF) is calculated during daily calibration by: 

RF = Concentration of propane standard (ppbC) 
" area"of propane peak 

10.0	 Quality Control/Quality Assurance 

10.1	 Instrument Blank Run 

10.1.1	 An instrument blank of pure nitrogen is run each analysis day. All target hydrocarbon 
concentrations from the blank analysis must be below the method detection limit (MDL) before 
the analysis may proceed. 

10.1.1.1	 If the blank shows a peak greater than the MDL in the region of interest, the 
source of contamination must be investigated and remedied. 

10.2	 Calibration Run 

10.2.1	 The calibration standard is analyzed each analysis day to generate the response factor used to 
quantify the sample concentrations. 

10.3	 Control Standard Run 

10.3.1	 The quality control standard is analyzed at least once each analysis day. Measurements of all 
compounds specified in Section 7.3.1 must fall within the control limits to ensure the validity of 
the sample analyses that day. To meet this requirement, it may be necessary to inspect and repair 
the GC, and rerun the calibration and/or control standards. 
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10.4	 Control Charts 

10.4.1	 A quality control chart is maintained for each component of the control standard listed in Section 
7.3.1, and is performed for new instruments, after making instrument modifications that can affect 
recovery, and at least once every year. The control charts, used on a daily basis, establish that the 
method is "in control." The following describes how to construct a typical control chart: 

1.	 Obtain at least 20 daily control standard results; 
2.	 Calculate the control standard mean concentration and standard deviation for the target 

hydrocarbon; and 
3.	 Create a control chart for the target hydrocarbon by placing the concentration on the Y

axis and the date on the X-axis. Establish upper and lower warning limits at either two 
standard deviations (2s) or 5 percent, whichever is greater, above and below the average 
concentration. 

4.	 A control standard measurement is considered to be out-of-control when the analyzed 
value exceeds the control limit or two successive control standard measurements of the 
same analyte exceed the warning limit. 

5.	 If 20 control standard measurements are not yet available to create a control chart (e.g., 
the control standard was expended and replaced prior to obtaining 20 points with the new 
standard), measurements must be within 15% relative standard deviation (RSD) of the 
certified concentration. If the control standard is not a NIST standard, the cylinder should 
be certified by the laboratory against a NIST standard. 

The measured concentrations of all target hydrocarb~ns contained in the control standard must be 
within the control limits (in control) for the sample results to be considered acceptable. 

10.5	 Duplicates 

10.5.1	 A duplicate analysis of one sample is performed at least once per analysis day. The relative 
percent difference (RPD) is calculated for each duplicate run: 

RPD (%) = Difference between duplicate and original measurement x 100 
Average of duplicate and original measurement 

For each compound specified in Section 7.3.1, the allowable RPD depends on the average 
concentration level for the duplicate runs, as shown in the following table: 

Average Measurement for the Duplicate Runs Allowable RPD (%) 
1 to 10 times MDL 100 
10 to 20 30 
20 to 50 20 
Greater than 50 15 

If the results of the duplicate analyses do not meet these criteria for all compounds specified in 
Section 7.3.1, the sample may be reanalyzed. If reanalysis is not feasible or if the criteria are still 
not met on reanalysis, all sample results for that analysis day are invalid. 

10.6	 Linearity 
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10.6.1	 A multipoint calibration to confirm instrument linearity is performed for the target hydrocarbons 
in the control standard for new instruments, after making instrument modifications that can affect 
linearity, and at least once every year. The multipoint calibration consists of at least five 
concentration or mass loading levels (using smaller or larger volume sample sizes of existing 
standards is acceptable), each above the MOL, distributed over the range of expected sample 
concentration. A linear regression analysis is performed using concentration and average area 
counts to determine the regression correlation coefficient (r). The r must be greater than 0.995 to 
be considered sufficiently linear for one-point calibrations. 

10.7	 MDL 

10.7.1	 The MDL for the target hydrocarbons in the control standard must be determined for new 
instruments, after making instrument modifications that can affect linearity and/or sensitivity, and 
at least once every year. To make the calculations, it is necessary to run at least seven replicate 
determinations at a concentration of 5 to 10 times the estimated MOL. The MOL is calculated 
using the following equation: 

MOL==t xs 

where s is the standard deviation of the replicates and t is the t-factor for 99 percent confidence 
for a one-sided normal (Gaussian) distribution. The number of degrees of freedom is equal to the 
number of replicates, minus. one. An abbrevi~tedt-table is: 

Degrees of Freedom t-value 
4	 3.7 
5	 3.4 
6	 3.1 
7	 3.0 

10.7.1.1	 The maximum allowable MOL for each compound is 1 ppbC. The calculated 
laboratory MOL must be equal to or lower than the maximum allowable MOL. 
All peaks identified as target compounds that are equal to or exceed the 
maximum allowable MOL must be reported. If the calculated laboratory MOL is 
less than the maximum allowable MDL, the laboratory may choose to set its 
reporting limit at the maximum allowable MDL, the calculated laboratory MDL, 
or any level in between. 

10.7.1.2	 For the purpose of calculating the total mass of all species, the concentrations of 
all compounds below the MOL are considered to be zero. 

10.8	 Method 1002/1003 Crossover Check 

10.8.1	 A crossover check is analyzed at least once each analysis day, and is performed by choosing a 
compound from a sample to be measured and compared by both Method 1002 and 1003. The 
crossover compound shall be a compound that can reasonably be expected to be found and 
measured by both methods in the laboratory performing the analysis. The maximum relative 
percent difference (RPO) allowed from the results obtained by the two methods is 15%. 
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11.0 References 

11.1 California Environmental Protection Agency, Air Resources Board, Method 1002, Revision IV, July 2002 



-----------------------------

----------------------------

SOP No.: 1003 (6-(12 Hydrocarbons 
Version 2 
Date Issued: June 22, 2006 
Page 1 of 11 

TITLE: Determination Of C6-C12 Hydrocarbons In Automotive 
Source Samples By Gas Chromatography 

Method 1003 

SOP NUMBER: 1003 C6-C12 Hydrocarbons VERSION 2 

WRITTEN BY: 
Technical Specialist: Nathan ImllS Date 

APPROVED BY:
President: Don Olson Date 

SOP MANUAL CONTROL NO.
 

This document has been prepared by Olson-EcoLogic and is to be considered the sole property of Olson
EcoLogic. This document is provided to organizations outside of The Olson-EcoLogic Group for the sole 
purpose of determining the fitness of Olson-EcoLogic for a specific project. The document remains the 
property of The Olson-EcoLogic Group and the recipient agrees to keep confidential the contents of this 
document. If the document is provided as a controlled document, the user agrees to surrender the document 
upon request of Olson-EcoLogic. If the document is provided as an uncontrolled document, the user 
understands that subsequent revisions will not be provided. 

The document may not be provided to a third party, such as consultants or other governmental agencies, 
unless said third party agrees to the terms stated above. 



1.1 

SOP No.: 1003 (6-(12 Hydrocarbons 
Version 2 
Date Issued: June 22, 2006 
Page 2 of 11 

1.0 Scope and Application 

This SOP is based on CARB Method 1003 and describes the use of gas chromatography (GC) coupled 
with flame ionization detection (FlO) for the detennination of C6-C 12 hydrocarbons (mid-range 
hydrocarbons) in the ppbC range from automotive source samples. The compounds listed below may be 
determined by this method: 

Compound CAS Registry No. 

n-hexane 00110-54-3 
trans-3-hexene 13269-52-8 
cis-3-hexene 07642-09-3 
trans-2-hexene 04050-45-7 
3-methyl-trans-2-pentene 00616-12-6 
2-methyl-2-pentene 00625-27-4 
3-methylcyclopentene 01120-62-3 
cis-2-hexene 07688-21-3 
1-ethyl-tert-butyl-ether 00637-92-3 
3-methyl-cis-2-pentene 00922-62-3 
2,2-dimethylpentane 00590-35-2 
methylcyclopentane 00096-37-7 
2,4-dimethylpentane 00108-08-7 
2,2,3-trimethylbutane 00464-06-2 
3,4-dimethyl-1-pentene 07385-78-6 
1-methylcyclopentene 00693-89-0 
benzene 00071-43-2 
3-methyl-1-hexene 03404-61-3 
3,3-dimethylpentane 00562-49-2 
cyclohexane 00110-82-7 
2-methylhexane 00591-76-4 
2,3-dimethylpentane 00565-59-3 
cyclohexene 00110-83-8 
3-methylhexane 00589-34-4 
trans-1,3-dimethylcyclopentane 01759-58-6 
cis-1,3-dimethylcyclopentane 02532-58-3 
3-ethylpentane 00617-78-7 
trans-1,2-dimethylcyclopentane 00822-50-4 
1-heptene 00592-76-7 
2,2,4-trimethylpentane 00540-84-1 
trans-3-heptene 14686-14-7 
n-heptane 00142-82-5 
2-methyl-2-hexene 02738-19-4 
3-methyl-trans-3-hexene 03899-36-3 
trans-2-heptene 14686-13-6 
3-ethyl-2-pentene 00816-79-5 
2,4,4-trimethyl-1-pentene 00107-39-1 
2,3-dimethyl-2-pentene 10574-37-5 
cis-2-heptene 06443-92-1 
methylcyclohexane 00108-87-2 
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2,2-dimethylhexane 00590-73-8 
2,4,4-trimethyl-2-pentene 00107-40-4 
ethylcyclopentane 01640-89-7 
2,5-dimethylhexane 00592-13-2 
2,4-dimethylhexane 00589-43-5 
1,2,4-trimethylcyclopentane 02815-58-9 
3,3-dimethylhexane 00563-16-6 
2,3,4-trimethylpentane 00565-75-3 
2,3,3-trimethylpentane 00560-21-4 
toluene 00108-88-3 
2,3-dimethylhexane 00584-94-1 
2-methylheptane 00592-27-8 
4-methylheptane 00589-53-7 
3-methylheptane 00589-81-1 
(1 a,2a,3b)-1 ,2,3-trimethylcyclopentane 15890-40-1 
cis-1,3-dimethylcyclohexane 00638-04-0 
trans-1,4-dimethylcyclohexane 02207-04-7 
2,2,5-trimethylhexane 03522-94-9 
trans-1-methyl-3-ethylcyclopentane 02613-65-2 
cis-1-methyl-3-ethylcyclopentane 16747-50-5 
1-octene 00111-66-0 
trans-4-octene 14850-23-8 
n-octane 00111-65-9 
trans-2-octene 13389-42-9 
trans-1 ,3-dimethylcyclohexane 02207-03-6 
cis-2-octene 07642-04-8 
2,3,5-trimethylhexane 01069-53-0 
2,4-dimethylheptane 02213-23-2 
cis-1,2-dimethylcyclohexane 02207-01-4 
2,6-dimethylheptane 01072-05-5 
ethylcyclohexane 01678-91-7 
3,5-dimethylheptane 00926-82-9 
ethylbenzene 00100-41-4 
2,3-dimethylheptane 03074-71-3 
m-&p-xylene 00108-38-3 
4-methyloctane 02216-34-4 
2-methyloctane 03221-61-2 
3-methyloctane 02216-33-3 
styrene (ethenylbenzene) 00100-42-5 
o-xylene 00095-47-6 
1-nonene 00124-11-8 
n-nonane 00111-84-2 
(1-methylethyl)benzene 00098-82-8 
2,2-dimethyloctane 15869-87-1 
2,4-dimethyloctane 04032-94-4 
2,6-dimethyloctane 02051-30-1 
n-propylbenzene 00103-65-1 
1-methyl-3-ethylbenzene 00620-14-4 
1-methyl-4-ethylbenzene 00622-96-8 



1,3,5-trimethylbenzene 00108-67-8 
1-methyl-2-ethylbenzene 00611-14-3 
1,2,4-trimethylbenzene 00095-63-6 
n-decane 00124-18-5 
(2-methylpropyl)benzene 00538-93-2 
(1-methylpropyl)benzene 00135-98-8 
1-methyl-3-(1-methylethyl)benzene 00535-77-3 
1,2,3-trimethylbenzene 00526-73-8 
1-methyl-4-(1-methylethyl)benzene 00099-87-6 
2,3-dihydroindene (indan) 00496-11-7 
1-methyl-2-(1-methylethyl)benzene 00527-84-4 
1,3-diethylbenzene 00141-93-5 
1,4-diethylbenzene 00105-05-5 
1-methyl-3-n-propylbenzene 01074-43-7 
1-methyl-4-n-propylbenzene 01074-55-1 
1,2-diethylbenzene 00135-01-3 
1-methyl-2-n-propylbenzene 01074-17-5 
1,4-dimethyl-2-ethylbenzene 01758-88-9 
1,3-dimethyl-4-ethylbenzene 00874-41-9 
1,2-dimethyl-4-ethylbenzene 00934-80-5 
1,3-dimethyl-2-ethylbenzene 02870-04-4 
n-undecane(hendecane) 01120-21-4 
1,2-dimethyl-3-ethylbenzene 00933-98-2 
1,2,4,5-tetramethylbenzene 00095-93-2 
1-methyl-2-n-butylbenzene 01595-11-5 
1,2,3,5-tetramethylbenzene 00527-53-7 
1-(1,1-dimethylethyl)-2-methylbenzene 01074-92-6 
1,2,3,4-tetramethylbenzene 00488-23-3 
n-pentylbenzene 00538-68-1 
1-(1,1-dimethylethyl)-3,5-dimethylbenzene 00098-19-1 
naphthalene 00091-20-3 
n-dodecane 00112-40-3 
n-tridecane 00629-50-5 

SOP No.: 1003 (6-(12 Hydrocarbons 
Version 2 
Date Issued: June 22, 2006 
Page 4 of 11 

I 

1.2	 This method is restricted to use by, or under the supervision of, analysts experienced in the use of gas 
chromatographs. Analysts should also be skilled in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method. 

2.0	 Method Summary 

2.1	 This method provides GCIFID conditions for the detection of the target analytes. Exhaust samples are 
introduced to the GC from Tedlar bags by means of gas sampling valves. Separation of the sample 
hydrocarbons takes place in a 60 m 0.32 mm ID WCOT fused silica column. Quantitative analysis is 
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performed by the FlO using an external standard approach. The computerized GC data acquisition system 
identifies the hydrocarbons and concentrations are determined by peak area response factors. 

2.2	 Prior to the use of this method, appropriate sample collection techniques must be used. 

2.2.1	 Samples are collected from the exhaust in Tedlar bags. Dilutions may apply and must be 
accounted for in final calculations. 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

5.0	 Interferences and Potential Problems 

5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any 
reactive hydrocarbons. 

5.2	 Any component present in the sample with a retention time very similar to that of a target hydrocarbon 
would interfere or coelute. If separation cannot be achieved, confirmation of identification should be done 
using a different column for separation, or an alternate detector, e.g., mass spectrometer (MS), 
photoionization detector (PID), etc. 

6.0	 Equipment/Apparatus 

6.1	 GCIFID 

6.1.1	 Gas Chromatograph .cOC) - Varian CP-3800 with programmable oven temperatures, 30 mL fixed 
volume injection loop for automated transfer of gaseous samples from the Tedlar bag to the GC, 
and analytical column interfaced with a flame ionization detector (FlO). 

6.1.1.1	 OC Column - Varian CP 8870 WCOT fused silica, 60 m x 0.32 mm 10, or equivalent. 
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6.1.2	 Data System - Dell-PC computer with Varian Star software capable of continuous acquisition
 
and storage of all data obtained throughout the duration of the chromatographic program.
 

6.2	 Nitrogen, compressed and liquid. Minimum purity of 99.998 %.
 

6.3	 Helium, compressed. Minimum purity of 99.995 %.
 

6.4	 Hydrogen, compressed. Minimum purity of99.995 %.
 

6.5	 Air, compressed. "Zero" grade «1 ppmC total hydrocarbon contamination), or better.
 

6.6	 Tedlar bags: SKC, Inc., 5 to 10 L in capacity, or equivalent.
 

6.7	 Super Syringe: Fisher Scientific, 1 L
 

7.0	 Reagents
 

7.1	 NIST-certified SRM or secondary NIST-traceable standards shall be used in all tests. A secondary
 
standard is obtained by a comparison between a SRM and a candidate standard.
 

7.2	 Calibration Standard
 

7.2.1	 The quantitative calibration standard for all target hydrocarbons is propane.
 

Lehner/Martin, Inc. Propane Std. in zero air - 2955 ppbC, or equivalent
 

7.3	 Control Standard
 

7.3.1	 Quality control standard, containing at least n-hexane, benzene, toluene, n-octane, ethylbenzene,
 
m&p-xylene, o-xylene and n-decane at concentrations between 200 and 2000 ppbC based on a
 
propane standard. This standard is used as a daily update of control charts and a daily
 
determination of marker retention time windows.
 

Scott-Marrin, Inc. 23 Component custom blend in nitrogen, or equivalent 

7.4	 A high concentration standard (higher than the calibration standard), containing the target hydrocarbons
 
listed in Section 7.3.1, is used for linearity determinations. The high concentration standard must have
 
concentrations verified against a NIST-traceable propane standard.
 

7.5	 A low concentration standard (5 to 10 times the estimated MOL), containing the target hydrocarbons
 
listed in Section 7.3.1, is used for MOL determinations. The low concentration standard must have
 
concentrations verified against a NIST-traceable propane standard.
 

7.5.1	 In lieu of a low concentration standard, a higher concentration standard may be diluted.
 

8.0 Procedure
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8.1	 Sample collection 

8.1.1	 Specific sample collection procedures can be found in the VOC Sampling Protocol. 

8.1.2	 In general, samples are collected from the integrated bag samples that have been continuously 
filled during the 1200 second transient test cycle. One bag is filled with dilution air, while the 
other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to 
the constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. 

8.2	 GC chromatographic conditions: 

Injection volume: 30 mL fixed loop
 
Injector temperature: -180 C (hold 7.10 min) to 250 C (hold 61.25 min) @ 200 C/min
 
Helium carrier flow: 3 mL/min
 
Nitrogen aux. flow: 27 mL/min
 
Hydrogen flow: 30 mL/min
 
Air flow: 300 mL/min
 
Column temperature: 10 C (hold 9 min) to 250 C (hold 13 min) @ 5 C/min
 
Detector temperature: 300C
 

8.3	 Samples in Tedlar bags are connected to one of sixteen ports on the autosampler and the analytical 
process then begins. 

8.4	 The sample is introduced into the carrier gas stream through the injection valve. 

8.5	 Each separated analyte exits the column into the FID where a response is generated. 

8.6	 Hydrocarbon concentrations are calculated in parts per billion of carbon (ppbC) by Varian's Star software 
from the NIST-traceable propane calibration standard. 

8.7	 Analytes with concentrations higher than demonstrated in the instruments range of linearity must be 
diluted and rerun. 

8.8	 Peak identification and integration are checked and corrected if necessary by the analyst using the 
following procedure and criteria: 

1.	 The primary peak identification is done by the computer using the relative retention times based 
on reference calibration runs. 

2.	 Confirm that the relative peak heights of the sample run ("fingerprint") match the typical 
fingerprint seen in past sample runs. 

3.	 Compare the relative retention times of the sample peaks with those of reference runs. 
4.	 Any peak with a reasonable doubt is labeled 'Unidentified'. 

8.9	 Target compounds that coelute, with the exception of m&p-xylene, are reported as the major component. 
Due to the difficulty in separation ofm-xylene and p-xylene, they are reported together as m&p-xylene. 

8.10	 The WCOT fused silica analytical column is heated to 250 C to prevent carry over and assure all 
compounds are eluted before the next run. 

8.10.1	 After running a particularly "dirty" sample, the analyst should run a blank before proceeding to 
the next sample as there may be sample carry over, or flush the sampling system with air. 
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9.0	 Calculations 

9.1	 The target hydrocarbon concentrations, in ppbC, are calculated by the data system using propane as an 
external standard. 

Concentration sample (PpbC) = Peak Areasample x Response Factor 

where the response factor (RF) is calculated during daily calibration by: 

RF = Concentration of propane standard (PpbC) 

area of propane peak 

10.0	 Quality Control/Quality Assurance 

10.1	 Instrument Blank Run 

10.1.1	 An instrument blank of pure nitrogen is run each analysis day. All target hydroc~bon 

concentrations from the blank analysis must be below the method detection limit (MOL) before 
the analysis may proceed. 

10.1.1.1	 If the blank shows a peak greater than the MOL in the region of interest, the 
source of contamination must be investigated and reme.died. 

10.2	 Calibration Run 

10.2.1	 The calibration standard is analyzed each analysis day to generate the response factor used to 
quantify the sample concentrations. 

10.3	 Control Standard Run 

10.3.1	 The quality control standard is analyzed at least once each analysis day. Measurements of all 
compounds specified in Section 7.3.1 must fall within the control limits to ensure the validity of 
the sample analyses that day. To meet this requirement, it may be necessary to inspect and repair 
the GC, and rerun the calibration and/or control standards. 

10.4	 Control Charts 

10.4.1	 A quality control chart is maintained for each component of the control standard listed in Section 
7.3.1, and is performed for new instruments, after making instrument modifications that can affect 
recovery, and at least once every year. The control charts, used on a daily basis, establish that the 
method is "in control." The following describes how to construct a typical control chart: 

1.	 Obtain at least 20 daily control standard results; 
2.	 Calculate the control standard mean concentration and standard deviation for the target 

hydrocarbon; and 
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3.	 Create a control chart for the target hydrocarbon by placing the concentration on the Y
axis and the date on the X-axis. Establish upper and lower warning limits at either two 
standard deviations (2s) or 5 percent, whichever is greater, above and below the average 
concentration. 

4.	 A control standard measurement is considered to be out-of-control when the analyzed 
value exceeds the control limit or two successive control standard measurements of the 
same analyte exceed the warning limit. 

5.	 If 20 control standard measurements are not yet available to create a control chart (e.g., 
the control standard was expended and replaced prior to obtaining 20 points with the new 
standard), measurements must be within 15% relative standard deviation (RSD) of the 
certified concentration. If the control standard is not a NIST standard, the cylinder should 
be certified by the laboratory against a NIST standard. 

The measured concentrations of all target hydrocarbons contained in the control standard must be 
within the control limits (in control) for the sample results to be considered acceptable. 

10.5	 Duplicates 

10.5.1	 A duplicate analysis of one sample is perfonned at least once per analysis day. The relative 
percent difference (RPD) is calculated for each duplicate run: 

RPD (%) = Difference between duplicate and original measurement x 100 
Average of duplicate and original measurement 

For each compound specified in Section 7.3.1, the allowable RPD depends on the average 
concentration level for the duplicate runs, as shown in the following table: 

Average Measurement for the Duplicate Runs Allowable RPD (%) 
1 to 10 times MOL 100 
10 to 20 30 
20 to 50 20 
Greater than 50 15 

If the results of the duplicate analyses do not meet these criteria for all compounds specified in 
Section 7.3.1, the sample may be reanalyzed. If reanalysis is not feasible or if the criteria are still 
not met on reanalysis, all sample results for that analysis day are invalid. 

10.6	 Linearity 

10.6.1	 A multipoint calibration to confirm instrument linearity is performed for the target hydrocarbons 
in the control standard for new instruments, after making instrument modifications that can affect 
linearity, and at least once every year. The multipoint calibration consists of at least five 
concentration or mass loading levels (using smaller or larger volume sample sizes of existing 
standards is acceptable), each above the MOL, distributed over the range of expected sample 
concentration. A linear regression analysis is perfonned using concentration and average area 
counts to detennine the regression correlation coefficient (r). The r must be greater than 0.995 to 
be considered sufficiently linear for one-point calibrations. 

10.7	 MOL 
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10.7.1	 The MDL for the target hydrocarbons in the control standard must be detennined for new 
instruments, after making instrument modifications that can affect linearity and/or sensitivity, and 
at least once every year. To make the calculations, it is necessary to run at least seven replicate 
determinations at a concentration of 5 to 10 times the estimated MDL. The MDL is calculated 
using the following equation: 

MDL=txs 

where s is the standard deviation of the replicates and t is the t-factor for 99 percent confidence 
for a one-sided normal (Gaussian) distribution. The number of degrees of freedom is equal to the 
number of replicates, minus one. An abbreviated t-table is: 

Degrees of Freedom t-value 
4	 3.7 
5	 3.4 
6	 3.1 
7	 3.0 

10.7.1.1	 The maximum allowable MOL for each compound is 1 ppbC. The calculated 
laboratory MDL must be equal to or lower than the maximum allowable .MDL. 
All peaks identified as target compounds that are equal to or exceed the 
maximum allowable MDL must be reported. If the calculated laboratory MDL is 
less than the maximum allowable MDL, the laboratory may choose to set its 
reporting limit at the maximum allowable MOL, the calculated laboratory MOL, 
or any level in between. 

10.7.1.2	 For the purpose of calculating the total mass of all species, the concentrations of 
all compounds below the MDL are considered to be zero. 

10.8	 Method 1002/1003 Crossover Check 

10.8.1	 A crossover check is analyzed at least once each analysis day, and is performed by choosing a 
compound from a sample to be measured and compared by both Method 1002 and 1003. The 
crossover compound shall be a compound that can reasonably be expected to be found and 
measured by both methods in the laboratory performing the analysis. The maximum relative 
percent difference (RPD) allowed from the results obtained by the two methods is 15%. 

11.0	 References 

11.1	 California Environmental Protection Agency, Air Resources Board, Method 1003, Revision IV, July 2002 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-nl0de steady state operation, this official testing protocol involves modal sample collection for a 
total of20 minutes. Modes 1, 2, 3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 Dilute exhaust samples are collected from the dilution tunnel. 

2.0	 Method Summary 

2.1	 Samples analyzed for particulate and gaseous phase polycyclic aromatic hydrocarbons (PAH) are 
collected continuously by pulling the dilute exhaust from the dilution tunnel, using a Teflon diaphragm 
pump, through a particulate filter and XAD cartridge. 

2.2	 Once received by the laboratory, samples are taken through a concentration extraction and analyzed via 
gas chromatography/mass spectrometry (GC/MS). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 The following method analytes have been classified as known or suspected human or mammalian 
carcinogens: benzo(a)anthracene and dibenzo(a,h)anthracene. A guideline for the safe handling of 
carcinogens can be found in Section 5209 of Title 8 of the California Administrative Code. 

3.3	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Particulate samples are collected and stored on particulate filers, while gaseous samples are collected and 
stored on XAD cartridges. 

4.2	 Sealed XAD cartridges must be stored away from light and refrigerated, at a temperature less than 4 C, 
upon receipt from manufacturer, until ready for use. 

4.3	 From the time of collection to extraction, maintain all samples at 4 C or lower and protect from light. All 
samples must be extracted within 21 days of collection, and all extracts must be analyzed within 40 days 
of extraction. 
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5.0	 Interferences and Potential Problems 

5.1	 Transformation of PAH and the formation of artifacts can occur in the sampling train. PAH degradation 
and transfornlation on the sampling train filters have been demonstrated. Certain reactive PAH such as 
benzo(a)pyrene, benzo(a)anthracene, and fluoranthene when trapped on filters can readily react with stack 
gases. These PAH are transformed by reaction with low levels of nitric acid and higher levels of nitrogen 
oxides, ozone, and sulfur oxides. 

6.0	 Equipment/Apparatus 

6.1	 Sampling Train Schematic 

6.1.1	 8' Gas line from the tunnel to the PAH/ALD sampling system is as follows: 

6.1.1.1	 Siltek®/Sulfinert® treated ~" 316L grade stainless steel tubing: Restek, or equivalent. 

6.1.2	 After the "T" connection, all PAH sampling line is ~" Teflon tubing. 

To Roof Vent ~~ Olson-EcoLogic
..", Engine Testing Laboratories, LLC 

Sub
Sonic 

DilutionAjr 11--L.....I....-_~Venturi--'1·--~ 
FiltersFlow Schematic For 

Steady-State and To 
PreuureTransient Cycle Exhaust Tnln8ducerl' ToEmission Testing	 IV PrllSSlft 

In TralllCLooer 
inFlow 

CortrolIer 

Flow 
HeatedControl 
Filler

Valve ! Horiba Variable Flow Tunnel System 

HCHealedsa",,*Une 

mPump 

Analyzer Bench	 

PM Sam 

AVl 
Filter 

Cabinet 

CVS-51 

+-BO psi Air 

Tefton Diaphragm Pump 

§~F"VOC_
 

Dilution 
Ajr 

Sample 
Line 

3 Way
VatYe Tefton Diapt-ngm Pump 



SOP No.: PAH Sampling Protocol 
Version 6 
Date Issued: October 6, 2006 
Page 4 of 5 

6.2	 Amberlite XAD cartridges: Acros, or equivalent
 

6.3	 PALLFLEX Fiberfilm T60A20 90 mm particulate filter: Pall Life Sciences, or equivalent.
 

6.4	 Digital flow meter: TSI, Inc., or equivalent.
 

6.5	 Teflon diaphragm vacuum-pressure pump: MFG Corp., or equivalent.
 

7.0	 Procedure
 

7.1	 Sample collection
 

7.1.1	 A particulate filter and XAD cartridge is connected into the sample flow path.
 

7.1.2	 Particulate and gaseous phase dilute exhaust samples are collected onto the particulate filter and
 
XAD cartridges by turning on the power to the Teflon diaphragm pump.
 

7.1.2.1 For transient test cycle sample collection, the Teflon diaphragm pump is turned on for the
 
duration of the 1200 second emission test.
 

7.1.2.2 For steady state cycle sample collection, the Teflon diaphragm pump is turned on for 3
 
minutes at the end of modes 1, 2, 3 and 8; and 2 nlinutes at the end of modes 4, 5, 6 and
 
7. 

7.1.3 The flow rate through the particulate filter and XAD cartridge should be 100 L/min.
 

7.1.3.1	 Flow rate should be continuously monitored and adjusted if necessary during sampling.
 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations.
 

7.1.5	 Particulate filters and XAD cartridges are refrigerated immediately after sample collection and
 
extraction, below a temperature of 4 C, until analyzed by GC/MS.
 

8.0	 Calculations
 

8.1	 Volumetric flow conversions are as follows:
 

1SCFM == 0.0283 m 3Imin == 28.317 L/min 

9.0	 Quality Control/Quality Assurance
 

9.1	 Tunnel Blank Sample
 

9.1.1	 A tunnel blank sample must be collected each analysis day. The levels of any unlabelled analyte
 
quantified in the tunnel blank must not exceed 20 % of the level of that analyte in the dilute
 
exhaust sample. If this criterion cannot be met, calculate a reporting limit that is five times the
 
blank value. Do not subtract the blank value from the sample value.
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9.2	 Field Blank Sample 

9.2.1	 At least one XAD and particulate filter per batch is analyzed as a field blank. The levels of any 
unlabelled analyte quantified in the tunnel blank must not exceed 20 % of the level of that analyte 
in the dilute exhaust sample. If this criterion cannot be met, calculate a reporting limit that is five 
times the blank value. 

9.3	 Leak Checks 

9.3.1	 Sampling Train 

9.3.1.1	 A leak check must be performed each analysis day to ensure correct sampling system 
flow rates. 

9.3.1.2 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

9.3.1.3 Flow rate must be kept within 2 Llmin of the set sampling flow rate of 100 L/min. 

9.4	 Flow Rates 

9.4.1	 The flow rate into the particulate filter and XAD cartridge is controlled with a digital flow meter. 
The.flow rate over the transient or steady state emission test cycl~ is 100 L/min. 

10.0	 References 

10.1 Desert Research Institute, 4 Channel Sequential FP/SVOC Sanlpler, 1-750.4, Revision 05, July 2002.. 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of 20 minutes. Modes 1, 2, 3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 Dilute exhaust samples are collected from the dilution tunnel. 

2.0	 Method Summary 

2.1	 Samples analyzed for aldehyde and ketone compounds (carbonyls) are collected continuously by pulling 
the dilute exhaust from the dilution tunnel, using a Teflon diaphragm pump, through a series of two 
DNPH cartridges. 

2.2	 The absorbing solution (2,4-DNPH) complexes the carbonyl compounds into their diphenylhydrazone 
derivatives. 

2.3	 Once received by the laboratory, cartridges are eluted with 5 mL acetonitrile and analyzed via high 
performance liquid chromatography (HPLC). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in DNPH-impregnated cartridges. 

4.2	 DNPH cartridges must be sealed and refrigerated, at a temperature less than 40° F, upon receipt from 
manufacturer, until ready for use. 

4.3	 If samples are not analyzed the same day as collected, they must be refrigerated at a temperature below 
40° F. 

4.4	 Refrigerated samples are stable for up to 30 days. 
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5.0	 Interferences and Potential Problems 

5.1	 To decrease the chance of background contamination variables and oxygenated impurities, DNPH
impregnated cartridges are used rather than impingers. 

6.0	 Equipment/Apparatus 

6.1	 Sep-Pak® DNPH-impregnated cartridges: Waters Corporation, or equivalent 

6.2	 Digital flow meter: Dwyer Instruments, Inc., or equivalent. 

6.3	 Teflon diaphragm vacuum-pressure pump: MFG Corp., or equivalent. 

6.4	 Sampling Train Schematic 

6.4.1	 8' Gas line from the tunnel to the PAH/ALD sampling system is as follows: 

6.4.1.1	 Siltek®/Sulfinert® treated Y2" 316L grade stainless steel tubing: Restek, or equivalent. 

6.4.2	 After the "T" connection, all ALD sampling line is ~" Teflon tubing. 
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7.0	 Procedure
 

7.1	 Sample collection
 

7.1.1	 Two DNPH cartridges connected into the sample flow path.
 

7.1.2	 Dilute exhaust samples are collected onto the DNPH cartridges by turning on the power to the
 
Teflon diaphragm pump.
 

7.1.2.1 For transient test cycle sample collection, the Teflon diaphragm pump is turned on for the
 
duration of the 1200 second emission test.
 

7.1.2.2	 For steady state cycle sample collection, the Teflon diaphragm pump is turned on for 3
 
minutes at the end of modes 1, 2, 3 and 8; and 2 minutes at the end of modes 4, 5, 6 and
 
7. 

7.1.3	 The flow rate through the DNPH cartridges should be 1 L/min.
 

7.1.3.1	 Flow rate should be continuously monitored and adjusted if necessary during sampling.
 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations.
 

7.1.5	 DNPH cartridges are refrigerated immediately after sample collection, below a temperature of 40°
 
. F, until analyzed by HPLC.
 

8.0	 Calculations
 

8.1	 Volumetric flow conversions are as follows:
 

1SCFM =0.0283 m 3Imin =28.317 L/min 

9.0	 Quality Control/Quality Assurance
 

9.1	 Tunnel Blank Sample
 

9.1.1	 A tunnel blank sample must be collected each analysis day. If the tunnel blank shows a peak
 
greater than the method detection limit (MOL) in the region of interest, the source of the
 
contamination must be investigated and remedied. Do not subtract the blank value from the
 
sample value.
 

9.2	 Field Blank Sample
 

9.2.1	 At least one cartridge per batch is analyzed as a field blank. If the cartridge blank shows a peak
 
greater than the method detection limit in the region of interest, the source of the contamination
 
must be investigated and remedied.
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9.3	 Leak Checks 

9.3.1	 Sampling Train 

9.3.1.1	 A leak check must be performed each analysis day to ensure correct sampling system 
flow rates. 

9.3.1.2 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

9.3.1.3 Flow rate must be kept within 0.2 Llmin of the set sampling flow rate of 1 L/min. 

9.4	 Flow Rates 

9.4.1	 The flow rate into the DNPH cartridge is controlled with a digital flow meter. The flow rate over 
the transient or steady state emission test cycle is 1 L/min. 

10.0	 References 

10.1	 Desert Research Institute, DR! Carbonyl Sampler, 1-710.3, Revision 03, June 1997. 
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1.0 PURPOSE/APPLICABILITY 

This analytical method applies to dinitrophenylhydrazine-impregnated cartridges through 
which air samples have been passed for the collection of carbonyl compounds. Carbonyl 
compounds react rapidly with 2,4-dinitrophenylhydrazine (DNPH) in acidic media to form 
yellow to orange-colored hydrazones. The color depends on the type ofcarbonyl compound, 
and the amount of the product formed is dependent on the quantity of carbonyl compound 
provided to the reagent. 

Samples are collected by drawing a known volume of air through the DNPH-impregnated 
cartridges. These exposed cartridges are then returned to the laboratory for isolation, 
separation, and quantification of the hydrazone products by high-performance liquid 
chromatography (HPLC). The ambient air concentration of various carbonyl compounds is 
determined fronl the quantity of the associated hydrazones found in the exposed cartridges 
and the volume of air samples. Typically C1-C6 carbonyl compounds, including 
benzaldehyde, are measured effectively by this technique, with a detection limit of ,...., 0.1 
ppbv. 

This nlethod follows the procedure described in EPA Method TO-IIA (January 1997, 
EPA/625/R-96/0 lOb). 

2.0 MATERIALS/APPARATUS 

2.1 DNPH Cartridges 

Waters Sep-Pak XPoSure Aldehyde Samplers are purchased from Waters (WAT047205) 
and sampled directly from the manufacturer without need for laboratory preparation. 

3.0 SAMPLE ANALYSIS 

Aldehydes collected in the cartridge (as the hydrazones) are eluted with acetonitrile and the 
eluent is analyzed using reverse phase high performance liquid chromatograph (HPLC) 
(Fung and Grosjean, 1981). Gradient elution is used with a sufficiently polar mobile phase 
for the separation of acetone, acrolein, and propanal. The mobile phase polarity is then 
decreased steadily to allow the elution of the higher aldehydes. 
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3.1 Sample Shipping/Storage 

The cartridges are returned to the laboratory in secondary aluminum envelopes provided by 
the manufacturing, labeled with unique Project Media Identification (PM!) numbers, in a 
cooler at 4°C. In the laboratory, they are stored in a refrigerator until analysis. The time 
between sampling and extraction should not exceed two weeks. Sample elutes are stable at 4 
°C for up to one month. 

3.2 Sample Preparation 

Uncap the cartridge and place it in a small test tube holder. Elute the cartridges with 2 ml of 
acetonitrile into a volumetric flask and transfer into a septum vial. Cap the vial and write the 
cartridge number on the side using a pennanent marker. If not analyzed the same day, place 
the extracts in a clean refrigerator. 

3.3 Standard Solutions 

Prepare stock solutions of the hydrazone standards provided by AccuStandard in acetonitrile 
at carbonyl concentration of 5 Jlg/mL. 

Dilute the stock standards to obtain working solutions in the range of 0.1 to 10 Jlg/mL 
concentrations for most applications. Higher concentrations may be needed occasionally if 
the air carbonyl concentrations exceed ~20 ppb during sampling. At least three 
concentrations of working standards bracketing the sample concentrations should be 
prepared for the calibration. 

A secondary standard from Restek is used to verity the calibration. 

3.5 Instrument Conditions 

The HPLC instrument is a Waters 2695 Alliance Separation Module with a photo diode 
array (PDA) detector with Empower software. Data are collected between a wavelength 
range of 190-450 001. 
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Water Alliance 2695 Gradient Acquisition Method for Carbonyls 

Solvent A: 100% HPLC Water 
Solvent B: 100% Optima Acetonitrile 
Solvent C: 100% Optima Methanol 
Column: Polaris CI8-A, 4.6xI5, 3um 
Detector: PDA,360nm 

Table 1. Gradient elution solvent conditions. 
Time (min) Flow (mL) °loA °htB 
0.01 1.50 70.0 30.0 
1.00 1.50 70.0 30.0 
20.00 1.50 60.0 40.0 
32.00 1.50 55.0 45.0 
41.00 1.50 37.0 63.0 
45.00 1.50 37.0 63.0 
50.00 1.50 30.0 70.0 
55.00 1.50 70.0 30.0 

The column is conditioned with 50:50 water/methanol for 10 minutes at the end of each 
sequence. 

3.6 Calibrations 

Following the Millennium32 3.20 PDA document, five calibration standards are analyzed 
using concentrations in Table 2 (see Figures 2 for example of calibration curve). The curve 
is forced through zero and is acceptable with a R2 ~ 0.95. A secondary standard from Restek 
is used to verify the calibration. 

Once the linear response factor has been documented, an intermediate concentration 
standard near the anticipated level of each component (but at least ten times the detection 
limit) is used for a daily calibration check standard. A sample chromatogram is shown in 
Figure 1. 

3.7 Data Acquisition and Processing 

The calibration equation below is used to determine the amount of carbonyls in the samples 
(this step is performed by the HPLC baseline data system). 
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Table 2. Calibration Levels 
Level 1 Level 2 Level 3 Level 4 Level 5 

Cone. (ug/mL) 1 0.5 0.25 0.1 0.025 
Formaldehyde 7.036 3.518 1.759 0.703 0.351 
Acetaldehyde 5.13 2.565 1.282 0.513 0.256 

0.205 
I 

Acetone 4.1 2.05 1.025 0.41 
Acrolein 4.366 2.183 1.091 0.436 0.218 
Propionaldehyde 4.113 2.056 1.028 0.411 0.2055 
Crotonaldehyde 3.57 1.785 0.892 0.357 0.178 
2-Butanone (MEK) 3.5 1.75 0.875 0.35 0.175 
Methacrolein 3.57 1.785 0.892 0.357 0.178 
n-Butyraldehyde 3.51 1.755 0.877 0.351 0.1755 
Benzaldehyde 2.7 1.35 0.675 0.27 0.135 
Valeraldehyde 3.122 1.561 0.78 0.312 0.156 
Glyoxal 0.92 0.46 0.23 0.046 0.023 
m-Tolualdehyde 2.506 1.253 0.626 0.25 0.125 
Hexaldehyde 3.116 1.558 0.779 0.311 0.155 

3.8 Calculations 

x 1000 

where: 
CA concentration ofanalyte (ngIL) in the original sample 
Wd total quantity ofanalyte (Jlg) in sample, blank corrected 

Concentration ofanalyte in the cartridge (Jlg) 
final volume (ml) of sample extract 
total sample volume (L) under ambient conditions 
total sample volume (L) at 25°C and 760 mm Hg 
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The analyte concentrations can be converted to ppbv using the following equation: 

24.4 

CA (Ppbv) 
MWA 

where: 
concentration ofanalyte in parts per billion by volume 

is calculated using Vs 

MWA molecular weight of analyte. 

3.9	 Quality Control 

After calibration, an intermediate concentration calibration check standard is analyzed every 
10 samples with a ± 10% recovery. 

3.9.1	 Blanks 

At least one field blank or 10% of the field samples, whichever is larger, should be shipped 
and analyzed with each group of samples. The field blank is treated identically to the 
samples except that no air is drawn through the cartridge. 

Instrument blanks are analyzed after high concentrations. 

3.9.2	 Method Precision and Accuracy 

10% of the samples are analyzed twice for replicate precision which typically falls within 
±10%. 

4.0	 REFERENCES 

Fung, K., and D. Grosjean (1981). "Detennination of Nanogram Amounts of Carbonyls as 
2,4, dinitrophenylhydrazones by High Perfonnance Liquid Chromatography." 
Analy. Chem., 53, 168. 

u.S.	 EPA, "Method TO-IIA: Determination of Formaldehyde in Ambient Air Using 
Adsorbent Cartridge Followed by High Performance Liquid Chromatography 
(HPLC) [Active Sampling Methodology]," EPAl6251R-96/010b, in Compendium 
ofMethods for the Determination ofToxic Organic Compounds in Ambient Air. 
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Winberry, W.T., Jr., N.T. Murphy, and R.M. Riggan (1988). Method TOll in Compendium 
of Methods for the Determination of Toxic Organic Compounds in Ambient Air. 
EPAl600/4-89/017, U.S. Environmental Protection Agency, Research Triangle Park, 
NC. 
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Sample Report
 
Reported by User: Katarzy na Rempala Project Name: API_Winter2004 # of Results: 5 

SAMPLE INFORMATION
 

Sample Name: ()~~y~~ 
sample Ty pe: Stani:Jard. ' 
Vial: 3 
Injection #: 1 
Injection Volume: 20.00 uf 
Run Time: 55.0 Minutes 
Sample Set Name API_040505 

Acquired By:
 
Date Acquired:
 
Acq. Method Set:
 
Date Processed:
 
Processing Methoc
 
Channel Name:
 
Proc. Chnl. Oeser.
 

Katy 
4/6/2005 3:56:28 PM 
Polaris 3um MS 
4/7/2005 11:09:16 AM 
Polaris0405PM 
Extract 360,0 
PDA 360.0 nm 

0.012-:
 

0.010-:
 

0.008-:
 
::l 
«{ 

0.006- 1
 

0.004-;
 

-~----------------~----,----,,---.-,----,--.-..,......-

5.00 10~OO '15:00 20:00 
i 

i ' 
• I ;---r--;-<--'-1 

25.00 30.00 40.00 so.oo 55.00
Mnutes 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 
PDAMatch2 
Specl. Name 

Match2 

1 Formaldehy de 10.993 233572 3.518 ug!ml Formaldehy de 0.851 

2 Acelaldehy de 15.985 176681 2.565 uglml Acetafdehy de 5.705 n-Butyraldehyde 5.709 

3 Acetone 21.825 137633 2.050 ug/mf Acetone 1.322 2-Butanone (MEl<) 1.870 

4 Acrolein 23.077 167748 2.183 uglmt Acrolein 1.085 Methacrolein 3.072 

5 Propionaldehy de 25.096 129540 2.056 uglml n-Buty raldehy de 1.448 Acetaldehy de 1.653 

6 Crotonaldehy de 31.133 114907 1.785 uglml Crotonaldehyde 1.065 Methacrolein 6.077 

7 2-Butanone (MEK) 32.531 102244 1.750 ug/ml 2-Butanone (MEK) 1.621 Acetone 2.927 

8 Methacrolein 33.490 122150 1.785 uglml Methacrolein 3.741 Acrolein 5.489 

9 n-Buty ratdehy de 34.352 112621 1.755 ug/ml n-Buty raldehy de 3.275 Valeraldehy de 3.330 

10 Benzaldehy de 38.329 82427 1.350 ugfml Benzafdehy de 1.003 m-Tolualdehy de 3.987 

Report Method: Multi Sample Summary fo; Printed 11:25:44 AM/7/2005 P~e: 30f10 

Figure la. Chromatograph of Level 2 standard. 
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Sample Report
 
Reported by User: Katarzy na Rempala Project Name: APt-Winter2004 # of Results: 5 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 
PDA Match2 
Spect. Name 

Match2 

11 Valeraldehy de 40.097 97770 1.561 ug/ml Valeraldehy de 5.956 n-Buty raldehy de 6.388 

12 Glyoxal 40.469 21352 0.460 uglml 

13 m-Tolualdehyde 41.865 70294 1.253 uglml m..Tolualdehyde 0.975 Benzaldehy de 3.809 

14 Hexatdehy de 43.659 84775 1.558 ug/ml Hexaldehy de 1.304 Valeraldehy de 1.531 

Figure lb. Chromatograph of Level 2 standard. 
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____________L_c_c_a_lib_r_a_tio_n_R_e_po_rt_ve_r_1 
Reported by User: Katarzyna Rempala (Katy) Project Name:~I-:W:(nter2004-

Processing Method: Ptiiaris040SPM Project Name: API_Winter2004 

Processing Method 10 1175 System: W2695 

Calibration 10: 1159 Channel: Extract 360.0 

Date Calibrated: 417/2005 11 :13:31AM Proc. Chnl. Oeser. PDA 36ll0:'nrYf 

500000~ 

I 

400000-, ., 
i 
,j 

~ 300000] 

« 
200000-; 

j 

100000--\ 
j 

oj 

-1 00000-- ~_._':--- _ 
0.00 1.00 

• I 

2.00 3.00 
Amount 

, , • l 

4.00 

Name: Formaldehyde; RT: 11.360; Fit Ty pe: Linear thru Zero; 
R'2: 0.99,8448; Weighting: None; EQuation: Y = 6.84e+OO4 X 

I ~ ) • 

5.00 6.00 

Cal Curv e Id: 1160; 

1 

7.00 

R: 0.999224; 

Figure 2. Calibration curve for formaldehyde. 
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1.0 PURPOSE/APPLICABILITY 

This method describes the analysis of semi-volatile organic compounds (SVOC) in air. 
The SVOCs include non-polar analysis of Polycyclic Aromatic Hydrocarbons (PAH), 
Aliphatic Hydrocarbon Analysis (Alkanes), Hopanes and Steranes, and Polar analysis. 
The method uses a sampling train consisting of a Teflon-impregnated glass fiber (TIGF) 
filter backed up by a PUFIXADIPUF sandwich solid adsorbent. The separate portions of 
the sampling train are extracted and combined dependent on analyses. The analysis 
method is gas chronlatography/mass spectrometry (GC/MS). Mass spectrometry 
provides definitive identification of SVOCs. 

This method follows the procedure described in EPA Method TO-13 (June 1988, 
EPA/600-4-89/0 17). The exceptions are that 1) the DR! procedure uses a XAD-4 
sandwich adsorbent trap where TO-13 recommends either PUF or XAD-2, and 2) the 
DR! procedure calls for more rigorous cleaning than the EPA method. 

2.0 MATERIALS/APPARATUS 

2.1 Sampling Substrates 

100 mm TIGF filters (Pall Gellman, ultrapure quality), PUF, and XAD-4 (Fisher 
Scientific) are obtained. Cleaning is as per Section 4 below. All solvents are Fisher 
Scientific Opitma or HPLC grade. 

2.2 GCIMS 

The chromatographic system consists ofa Varian CP-3800 gas chromatograph equipped 
with an 8200 CX Autosampler and interfaced to a Vairan Saturn 2000 Ion Trap Mass 
Spectrometer. The alternative system consists of a Varian CP-3800 gas chromatograph 
with a model CP-8400 Autosampler and interfaced to a Saturn 2000 Ion Trap Mass 
Spectrometer. Column is a CP-SiI8 30mxO.25 mmX025XX (Chrompack). 

3.0 PERSONNEL QUALIFICATION 

This SOP assumes that personnel performing the procedures are familiar with basic 
laboratory practice and operation of Dionex Accelerated Solvent Extractor (ASE), rotary 
evaporators, and the Varian GC/MS system and Saturn Workstation 5.2 computer 
software. Specific requirements for these instruments are found in the appropriate 
manuals. 
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4.0 SUBSTRATE CLEANING PROCEDURE 

4.1. Filters 

Teflon-impregnated glass fiber (TIGF) filters (Pall Life Sciences, Type T60A20) are 
cleaned by sonication for 10 minutes in dichloromethane (CH2CI2) twice, with the solvent 
replaced and drained, and sonicated for 10 minutes in methanol twice with the solvent 
replaced. Filters are then dried in a vacuum oven at -15 to -20 in Hg, 50° C for 
minimum of24 hours, weighed (if necessary), placed in foil packages that have been 
fired at 500° C for 4 hours, placed in Uline metallic ZipTop static shielding bags, and 
stored at room temperature. 

If quartz filters (Pall Gellman, ultrapure quality), are used, they are baked at 900°C for 4 
hr before use. 

4.2 PUF Plugs 

PUF plugs are cleaned by first washing with distilled water, followed by J?ionex ASE 
extraction for 15min/cell with ~ 170 mL acetone at 1500 psi and 80°C, followed by 
Dionex ASE extraction for 15min/cell with ~ 170 mL of 10% diethyl ether in hexane 
under the same conditions. The extracted PUF plugs are dried in a vacuum oven at -15 to 
-20 in Hg, 50° C for approximately 3 days or until no solvent odor is detected. If storage 
is necessary, PUF plugs are stored in clean lL glass jars with Teflon lined lids wrapped 
in aluminum foil. Powder-free nitrile gloves are worn at all times when handling PUF 
plugs. 

4.3 )(j\1)-4 

New XAD-4 is washed with Liquinox™ soap and hot water, followed by DI water. It is 
then placed in a Buchner funnel under vacuum, then transferred to the Dionex ASE and 
extracted for 15min/cell with ~ 170 mL of methanol at 1500 psi and 80°C, followed by 
dichloromethane (CH2CI2), then acetone under the same instrument conditions. The 
XAD-4 is then dried in a vacuum oven at -15 to -20 in Hg and 50°C. The cleaned XAD
4 is then transferred to a clean lL glass jars with an air tight teflon-lined lid. The jar is 
wrapped with aluminum foil to protect the XAD-4 from light, and stored in a clean room 
at room temperature. 

4.4 Certification of Substrate 

An aliquot of each batch of cleaned XAD-4 (20g) and TIGF filters are extracted same as 
samples. Deuterated standards are added to the sample prior to extraction in the Dionex 
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ASE with "J170 mL dichloromethane (CH2CI2) for 15 min/cell at 1500 psi and 80°C, 
followed by "J170 mL acetone extraction under the same conditions. The extract is then 
concentrated to Iml and analyzed by GC/MS. Any batch determined to have excessive 
impurities (more than 10 nglul of naphthalene and other conlpounds in method) will be 
re-cleaned and checked again for purity. 

4.5 Assembly of XAD and PUFIXADIPUF Cartridge 

The glass cartridges and screen assemblies are washed with Liquinox™ soap and hot 
water followed by DI water and oven dried. Powder-free nitrile gloves are worn at all 
times during the cartridge assembly. For XAD-4 cartridges, one assembly of spring, 0
ring and screen is placed at the bottom of a clean glass cartridge followed by 20g of 
XAD-4 and another assembly of screen, o-ring and spring. The XAD cartridge is then 
placed in Uline ZipTop metallic static shielding bags and stored in ca clean room at room 
temperature. 

For PUF/XAD-4/PUF cartridges, one PUF plug is put at the bottom of a clean glass 
cartridge followed by 10 g ofXAD-4 and a second PUF plug. The PUF/XAQ/PUF 
cartridge is then placed in Uline ZipTop'metallic static shielding bags and stored at room 
temperature. 

5.0 SAMPLE SHIPPING, RECEIPT, AND STORAGE 

XAD-4 cartridge and filter sets are assigned a unique Project Media Identification (PMI) 
number and logged (date stamped) into the Laboratory Information Management System 
(LIMS) when assembled and shipped. Cartridges are packed in a tin can with field data 
sheets with the same unique PMI number and shipped in coolers on blue ice prior 
overnight. 

In the field, exposed samples are stored at 0-4°C in a refrigerator or freezer and shipped 
to DR! priority overnight in ice chest (DRI's original shipping containers) with blue ice. 
Upon receipt by the laboratory, the samples are logged into the LIMS by PMI number, 
and field data is recorded (sampling location, date, and start and stop time, elapse timer, 
and flow rate). If the time span between sample login and extraction is greater than 24 
hours, the sanlples must be kept cold at 0-4°C in a freezer or refrigerator. The exposure 
of the sample media to ultraviolet light emitted by fluorescent lights must be minimized. 

6.0 EXTRACTION OF SUBSTRATE 

6.1 Addition of Internal Standards 
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6.1.1 Polycyclic Aromatic Hydrocarbon (PAH), non-polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter, PUF/XAD/PUF): 

naphthalene-d8 9.486 ng/J.lI 
biphenyl-d io 7.008 ng/J.lI 
acenaphthene-dio 5.997 ng/J.lI 
phenanthrene-dio 5.991 ng/J.lI 
anthracene-d io 5.000 ng/J.lI 
pyrene-dI2 4.993 ng/J.lI 
benz(a)anthracene-d I2 2.004 ng/J.lI 
chrysene-d I2 1.997 ng/J.lI 
benzo[k]fluoranthene-dI2 1.000 ng/J.lI 
benzo[e]pyrene-d I2 0.700 ng/J.lI 
benzo[a]pyrene-dI2 0.703 ng/J.lI 
benzo[g,h,i]perylene-dI2 0.600 ng/J.lI 
coronene-dI2 0.500 ng/HI . 
The ·amount of internal standards added should correspond to the expected range of 
concentrations found in real samples and the final volume of extracts during analysis. 

6.1.2 Hopane and Sterane, non-polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter, PUF/XAD/PUF): 

cholestane- d6 0.375 ng/J.lI 

The amount of internal standards added should correspond to the expected range of 
concentrations found in real samples. 

6.1.3 Aliphatic Hydrocarbon Analysis (Alkanes), non-polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter, PUF/XAD/PUF): 

dodecane-d26 10.9 ng/J.lI
 
hexadecane-d34 2.36 ng/J.lI
 
eicosane-c42 1.88 ng/J.lI
 
octacosane-ds8 4.9 ng/J.lI
 
tetracosane-dso 1.89 ng/J.lI
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hexatriacontane-d74 10.2 ng/J.!l 

The amount of internal standards added should correspond to the expected range of 
concentrations found in real samples. 

6.1.4 Polar Organic Compounds, polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter-sorbent pair): 

cholestero1-2,2,3,4,4,6-d6 9.85 ng/J.!l
 
levoglucosan-u-13C6 31.25 ng/J.!l
 
hexanoic-d11 acid 4.5 ng/J.!l
 
benzoic-d3acid 4.5 ng/J.!l
 
decanoic-d19 acid 4.5 ng/J.!l
 
palmitic-d31 acid 4.5 ng/J.!l
 
heptadecanoic-d33 acid 4.4 ng/J.!l
 
myristic-d27 acid 3.3 ng/J.!l
 
succinic-dt acid 2.55 ng/J.!l
 
phthalic 3,4,5,6-dt acid 4.6 ng/J.!l
 

The amount of internal standards added should correspond to the expected range of 
concentrations found in real. samples and the final volume of extracts during analysis. 

6.2 Extraction ofPUF, XAD-4, and Filter 

Depending on analyses, PUF, XAD-4 and Filter will be extracted in the following 
combinations. Solvents are selected to optimize the polarity range desired for analyses. 

6.2.1 Non-Polar Analysis Only 

Filters and XAD-4 are extracted twice with approximately r-.J 170 mL of dichloromethane 
(CH2CI2) using the Dionex ASE for 15 min/cell at 1500 psi and 80°C. 

Since PUF media degrades when extracted with dichloromethane, the PUFs are extracted 
twice with r-.J 170 mL of acetone using the Dionex ASE for 15 min/cell at 1500 psi and 
80°C. This method gives good recovery for PAH, aliphatic hydrocarbons (alkanes), and 
hopanes and steranes. 

6.2.2 Polar and Non-Polar Analyses 
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Filters and XAD-4 are extracted with '""-J 170 mL dichloromethane (CH2CI2) using the 
Dionex ASE for 15 min/cell at 1500 psi and 80°C followed by '""-J 170 mL acetone 
extraction under the same conditions. 

Since PUF media degrades when extracted with dichloromethane, the PUFs are extracted 
twice with '""-J 170 mL of acetone using the Dionex ASE for 15 min/cell at 1500 psi and 
80°C. This method gives good recovery for PAH, aliphatic hydrocarbons (alkanes), 
hopanes and steranes, and polar organic compounds. 

6.3 Treatment of Extracts 

6.3.1 Non-Polar Analysis Only 

Extracts are concentrated to '""-Jlml by rotary evaporation at 35°C under gentle vacuum, 
and filtered through a 0.2 flm AnotopTM 10 Whatman leur-lock filter on 4 mL glass 
syringe), rinsing the flask 3 times with 1 ml dichloromethane and acetone (50/50 by 
volume) each time. Filtrate is collected in a 4 mL amber glass vial for a total volume of 
'""-J4.mL. 

Approximately 200 fll of acetonitrile is added at this time and the extract is split into two 
fractions. Each fraction is then concentrated using a Pierce Reacti-Therm under a gentle 
stream of ultra-high purity (UHP) nitrogen with a water trap (Chrompack CP-Gas-Clean 
moisture filter 17971) to 100-200 flL. The final extract volume is adjusted to 100 flL 
with acetonitrile. 

6.3.2 Polar and Non-Polar Analyses 

Extracts are concentrated to '""-J 1ml by rotary evaporation at 35°C under gentle vacuum, 
and filtered through a 0.2 flm PTFE disposable filter device (Whatman Pura discTM 

25TF), rinsing the flask 3 times with 1 ml dichloromethane and acetone (50/50 by 
volume) each time. Filtrate is collected in a 4 mL amber glass vial for a total volume of 
'""-J4mL. 

Approximately 200 fll of acetonitrile is added at this time and the extract is split into two 
fractions. Each fraction is then concentrated under a gentle stream of ultra-high purity 
(UHP) nitrogen with hydrocarbon and water traps to 100-200 flL. The final extract 
volume is adjusted to 100 flL with acetonitrile. 

6.4 Cleanup of Samples (non-polar analysis) 

For complex samples that contain analytical interference, the following method is used to 



DR! STANDARD OPERATING PROCEDURE Page: 70f25 
Date: 2/20/04 

Title: Analysis of Semi-Volatile Organic Number: 2-750.5 
Compound by GC/MS Revision: 05 

clean up the sample using silica gel semi-prep Solid Phase Extraction (SPE 6-mL 0.5-g 
LC-SI, Supelco Silica). 

1.	 Assuming SVOC in 100 JlL acetonitrile, concentrate to 25 JlL and add 25JlL 
dichloromethane and 150 JlL hexane. 

2.	 Condition SPE-Silica cartridge with 1.5 mL hexanelbenzene (1: 1), followed by 
1.5 mL hexane. 

3.	 Transfer sample into the SPE-Silica cartridge. 
4.	 Elute sample with 1.5 mL hexane, followed by 3 mL hexanelbenzene (1:1) in 

separate 4 mL vials. 
5.	 Concentrate to 100 JlL (only hexane should remain) and transfer to GC vial insert 

and concentrate to 20 JlL. 
6.	 Rinse original vial with 100 JlL dichloromethane and concentrate to 40 JlL 

(hexane/DCM (1:1» and dilute to total volunle of 100 JlL with acetonitrile. 

The hexane fraction contains the non-polar aliphatic hydrocarbons (alkanes), and 
hopanes and steranes, and the hexane/benzene fraction contains the PAH and N-PAH. 

6.5	 Silylation of Polar Organic Compounds (polar analysis) 

If extracts have been split for polar and non-polar analysis, the fraction for the polar 
analysis is derivatized using a mixture of bis(trimethylsilyl)trifluoroacetamide and 
pyridine to convert the polar compounds into their trimethylsilyl derivatives for analysis 
of organic acids, cholesterol, sitosterol, and levoglucosan. Depending upon the expected 
range of analytes, it is recommended to split the second fraction into two equal fractions, 
thus providing a second opportunity for a clean silylation reaction. 

1.	 The extract is reduced to a volume of 50 JlL using a Pierce Reacti-Therm under a 
gentle stream of ultra-high purity (URP) nitrogen with a water trap (Chrompack 
CP-Gas-Clean moisture filter 17971. 

2.	 50 JlL of silylation grade pyridine is added to vial. 
3.	 150 JlL ofbis(trimethylsilyl)trifluoroacetamide is added slowly to each vial and 

immediately capped. 
4.	 The sample is then placed into thermal plates (custom) containing individual vial 

wells with the temperature maintained at 70°C for 3 hours. 
5.	 The samples are then analyzed by GC/MS within 18 hours. 

7.0	 ANALYSIS 

7.1	 Instrument Method 
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The samples are analyzed by the electron impact (EI) GC/MS technique, using a Varian 
CP-3800 gas chromatograph equipped with a 8200 CX Autosampler and interfaced to a 
Vairan Saturn 2000 Ion Trap Mass Spectrometer or Varian CP-3400 gas chromatograph 
with a model CP-8400 Autosampler and interfaced to a Saturn 2000 Ion Trap Mass 
Spectrometer 

Injections are 1 Jll in size in the splitless mode onto a 30m long 5% phenylmethylsilicone 
fused silica capillary column (J&W Scientific type DB-5ms): CP-Sil8 Chrompack (30m 
x 0.25mm x 0.25 mm) for PAH, hopanes and steranes, alkanes and polars; and CP-SiI24 
Chrompack (30m x 0.25mm x 0.25 mm) for N-PAH. 

Identification and quantification of the analytes are made by Selected Ion Storage (SIS), 
by monitoring the molecular ions of each analyte and each deuterated analyte. 

7.2 Preparation Stage 

A. The instrument (GC/MS) preparation steps are as follows: 

1) Check for air and water in the system (Ion Time = 100, a total ion current (TIC) 
below 700 is preferred). 

2) Adjust calibration gas pressure for Ion Trap instrument (75% preferred). 
3) Check calibration gas pressure "-' 75%. 
4) Perform autotune for electron multiplier setting, mass calibration, and RF ramp. 

Identification and quantification of the analytes are made by Selected Ion Storage (SIS), 
by monitoring the molecular ions of each analyte and each deuterated analyte. 

7.3 Calibration 

Calibration curves are made by the molecular ion peaks of the analytes using the 
corresponding deuterated species as internal standards. If there is no corresponding 
deuterated species, the one most closely matching in volatility and retention 
characteristics is used. 

National Institute of Standards and Technology (NIST) Standard Reference Material 
(SRM) 1647 (certified PAH), with the addition of the internal standards listed in Section 
6.1.1-6.1.4 and the targeted PAH not present in this mixture, is used to make calibration 
solutions. Six concentration levels for each analyte of interest are employed. Table 1 
lists the concentration levels of standard compounds in calibration solutions. The 
calibration curve for each calibrated compound is constructed; Figures 1 through 6 show 
examples of acceptable calibration curves. After the calibration is completed, a standard 
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solution is injected to perform calibration checks. If deviations from the true values 
exceed ±20%, the calibration procedure is repeated or new calibration levels must be 
prepared. One replicate analysis and one calibration chick is performed for every 10 
injections of samples. If difference between true and measured concentrations exceeds 
±20%, the system is recalibrated. During batch processing, calibration is performed 
before each batch. 

8.0 REPORTING 

Each sample is reported initially in terms of mass per sample (llg/sample). Ambient 
concentrations in terms of mass per volume (Le., ng/n13 or other units if requested) are 
reported based upon the sample volume adjusted for ambient temperature and pressure, 
or reported as "standard" volume. 

All information for the sample is recorded and combined into both a printed report and an 
Excel file for inclusion in the database (see Appendix). 
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8.1 Method Detection Limits (MDLs) 

Method detection limits are 0.01-0.03 ng/J.!l for PAH, hopane and sterane, and alkane 
compounds, and 0.03-0.04 ng/J.!l for polar compounds. 

8.2 Measurement Uncertainty 

Measurement uncertainty is reported as one-sigma standard deviation between replicate 
tests (when 3 tests conducted under same conditions) or the combined root mean square 
of the analytical measurement uncertainty, which is defined by the following equation: 

~(replicate precision *analyte concentration) 2 + (analyte detection limit) 2 

This equation incorporates the analyte detection limit for each compound so when 
concentrations approach zero the error is reported as the analyte detection limit. When 
multiple samples are pooled the difference between samples is typically greater than the 
precision of any of the analytical techniques employed. Most data has relatively small 
reported measurement uncertainty's which shows the reproducibility of the samples. 
When larger errors (>30% of reported concentration) are observed, it is typically because 
the concentrations of the analyte were close to the detection limit of the measurements. 
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Table 1. Calibration Levels for PAH analysis (bold compounds co-elute and are 
quantified together) 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
Compound (ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/uL) 
l-ethylnaphthalene 0.359 0.718 1.436 2.873 11.491 45.965 
1,2-dimethylnaphthalene 0.361 0.722 1.444 2.887 11.548 46.193 
1,4-chrysenequinone 0.240 0.479 0.958 1.917 7.667 30.667 
1,6 + 1,3 dimethylnaphthalene 0.719 1.438 2.876 5.753 23.012 92.047 
1,8-dimethylnaphthalene 0.240 0.481 0.962 1.924 7.695 30.781 
I-methylfluorene 0.298 0.596 1.192 2.383 9.533 38.133 
I-methylphenanthrene 0.200 0.400 0.799 1.598 6.392 25.568 
I-methylpyrene 0.240 0.481 0.961 1.922 7.688 30.752 
I-phenylnaphthalene 0.199 0.398 0.796 1.591 6.365 25.461 
2-ethylnaphthalene 0.357 0.714 1.428 2.856 11.424 45.696 
1,4+1,5+2,3-dimenaphlene 1.078 2.156 4.313 8.625 34.501138.005 
2,6-dimethylnaphthalene 0.352 0.704 1.408 2.817 11.267 45.067 
2-methylbiphenyl 0.360 0.720 1.441 2.881 11.525 46.102 
2-methylphenanthrene 0.246 0.492 0.983 1.967 7.867 31.467 
2-phenylnaphthalene 0.358 0.716 1.433 2.866 11.463 45.853 
3,6-dimethylphenanthrene 0.203 0.406 0.813 1.625 6.500 26.000 
3-methylbiphenyl 0.361 0.721 1.442 2.884 11.537 46.149 
4H-cyclopenta(def)phenanthrene 0.000 0.000 0.000 0.000 0.000 0.000 
4-methylbiphenyl 0.369 0.738 1.475 2.950 11.800 47.200 
4-methylpyrene 0.240 0.479 0.958 1.917 7.667 30.667 
5+6 methylchrysene 0.559 1.119 2.237 4.475 17.899 71.595 
7-methylbenz(a)anthracene 0.279 0.558 1.117 2.233 8.933 35.733 
7-methylbenzo(a)pyrene 0.290 0.579 1.158 2.317 9.267 37.067 
9,10-dihydrobenzo(a)pyren-7(8H)
one 0.281 0.561 1.122 2.244 8.976 35.904 
9-anthraldellyde 0.371 0.742 1.483 2.967 11.867 47.467 
9-fluorenone 0.280 0.560 1.120 2.240 8.961 35.845 
9-methylanthracene 0.239 0.479 0.958 1.916 7.663 30.653 
acenaphthene* 0.201 0.402 0.804 1.609 6.435 25.739 
acenaphthenequinone 0.202 0.404 0.808 1.617 6.467 25.867 
acenaphthylene 0.200 0.400 0.800 1.600 6.400 25.600 
anthrone 0.277 0.554 1.108 2.217 8.867 35.467 
BaP* 0.160 0.321 0.642 1.283 5.133 20.533 
benz(a)anthracene* 0.200 0.400 0.799 1.599 6.395 25.579 
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benz(a)anthracene-7,12-dione 0.279 0.558 1.117 2.233 8.933 35.733 
Level 1Level 2 Level 3 Level 4 Level 5 Level 6 

Compound (ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/uL) 
benzanthrone 0.360 0.720 1.440 2.880 11.518 46.073 
anthracene* 0.159 0.319 0.638 1.276 5.103 20.411 
anthraquinone ·0.280 0.559 1.119 2.237 8.949 35.795 
benzo(k*+b+j)flnoranthene 0.397 0.794 1.587 3.174 12.697 50.789 
benzo(g,h,i)perylene* 0.200 0.400 0.800 1.600 6.401 25.602 
benzo(c)phenanthrene 0.200 0.400 0.800 1.601 6.403 25.613 
benzonaphthothiophene 0.240 0.479 0.958 1.917 7.667 30.667 
BeP* 0.202 0.403 0.807 1.613 6.453 25.813 
chrysene* 0.190 0.379 0.758 1.517 6.067 24.267 
coronene* 0.160 0.320 0.640 1.280 5.118 20.474 
dibenz(ah+ac)anthracene 0.323 0.645 1.291 2.582 10.327 41.307 
dibenzofuran 0.278 0.556 1.111 2.223 8.890 35.560 
fluorene 0.241 0.481 0.963 1.925 7.700 30.800 
fluoranthene 0.252 0.503 1.006 2.013 8.050 32.200 
indeno(I,2,3-cd)pyrene 0.161 0.321 0.642 1.284 5.136 20.544 
perinaphthenone 0.279 0.558 1.116 2.232 8.928 35.712 
perylene 0.200 0.400 0.800 1.600 6.400 25.600 
phenanthrene* 0.201 0.401 0.802 1.604 6.417 25.667 
pyrene* 0.196 0.392 0.783 1.567 6.267 25.067 
retene 0.277 0.555 1.109 2.219 8.875 35.499 
2,3,5-trimethylnaphthalene 0.199 0.399 0.797 1.594 6.378 25.511 
2,4,5-trimethylnaphthalene 0.277 0.554 1.108 2.217 8.867 35.467 
1,4,5-trimethylnaphthalene 0.239 0.478 0.957 1.914 7.654 30.616 
xanthone 0.240 0.481 0.961 1.923 7.691 30.763 
I-methylnaphthalene 0.361 0.723 1.446 4.338 17.351 69.403 
2,7-dimethylnaphthalene 0.300 0.599 1.198 3.594 14.377 57.507 
bphenyl* 0.360 0.720 1.440 4.319 21.597107.983 
bibenzyl 0.362 0.724 1.448 4.345 21.723108.617 
2-methylnaphthalene 0.430 0.860 1.720 5.160 25.800 129.000 
nphthalene* 0.359 0.717 1.435 5.739 34.432206.592 
*deuterated forms of these compounds are added to samples prior to extraction as 
surrogate for quantitation 
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Table 2. Calibration Levels for Hopanes and Steranes Analysis 

Level 1 Level 2 Level 3 Level 4 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL 
cholestane-d6* 0.750 0.750 0.750 0.750 0.750 
cholestane 0.250 0.500 1.000 2.000 4.000 
17a-21J3(H) Hopane (19) 0.250 0.500 1.000 2.000 4.000 
17J3(H)-30-Norhopane (17a) 0.250 0.500 1.000 2.000 4.000 
17J3(H)-21 rJ(H) Hopane (23) 0.250 0.500 1.000 2.000 4.000 
*deuterated forms of these compounds are added to samples prior to 
extraction as surrogate for quantitation 

Table 3. Calibration Levels for Aliphatic Hydrocarbon Analysis (Alkanes), bold 
compounds co-elute and are quantified together 

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8 

Compound ug/uL ug/uL ug/uL ug/uL· ug/uL ug/uL ug/uL ug/uL 
2,6,10
trimethyIundecane_(norfamesane) 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-heptylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 
2,6,10
trimethyldodecane_(famesane) 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

n-tetradecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

n-pentadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

n-octylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 
n-nonylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 
n-heptadecane + 2,6,10,14

tetramethylpentadecane_
 
pristane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 
n-hexadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 
2,6,10
trimethylpentadecane_norpristane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 
n-decylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

n-undecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

n-nonadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

n-octadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
 

2,6,10,14- 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000
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tetramethylhexadecaneyhytane 

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8 

Compound ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL 

n-dodecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-tridecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-tetradecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-heneicosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-eicosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-pentadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-docosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-tricosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-tetracosane-d50* 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-heptadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-octadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-tetracosane* + n
hexadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-pentacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-nonadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-heptacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-eicosylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-hexacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-octacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
*deuterated forms of these compounds are added to samples prior to extraction as surrogate for 
quantitation 

Table 4. Calibration Levels for Polar Organic Compounds Analysis 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL ng/uL 
4-pentenoic 
hexanoic acid 
heptanoic 
me-malonic 
guaiacol 
benzoic acid 

0.323 
0.300 
0.334 
0.321 
0.268 
0.300 

2.155 
2.400 
2.228 
2.570 
2.680 
2.400 

6.464 10.773 15.083 18.315 
7.199 12.960 18.144 21.384 
6.685 11.142 15.598 18.941 
7.710 12.850 17.990 21.203 
7.370 15.075 20.100 25.125 
7.199 12.960 18.144 21.384 
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octanoic 0.314 2.091 6.272 10.453 14.635 17.771 
glycerol 0.348 2.320 6.960 11.600 16.240 19.720 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL ng/uL 
maleic 0.328 2.620 7.860 13.100 18.340 21.615 
succinic acid 0.300 2.400 7.199 12.960 17.820 21.060 
4-methy19uaiacol 0.385 3.851 10.591 21.664 28.885 36.106 
methylsuccinic acid 0.300 2.400 7.199 12.960 17.820 21.060 
o-toluic 0.313 2.500 7.500 12.500 17.500 20.625 
picolinic acid 0.300 2.400 7.199 12.960 18.144 21.384 
m-tolic 0.327 2.613 7.840 13.067 18.293 21.560 
1,2,4-butanetriol 0.300 2.400 7.199 12.960 18.144 21.384 
nonanoic 0.318 2.120 6.360 10.600 14.840 18.020 
p-toluic 0.169 1.128 3.384 5.640 7.896 9.588 
3-methylpicolinic 0.321 2.568 7.704 12.840 17.976 21.186 
6-met~ylpicolinic 0.319 2.550 7.650 12.750 17.850 21.038 
2,6-dimethylbenzoic 0.269 2.150 6.450 10.750 15.050 17.738 
4-ethylguaiacol 0.260 2.598 7.146 14.616 19.488 24.360 
syringol 0.266 2.655 7.301 14.934 19.913 24.891 
glutaric acid 0.300 2.400 7.199 12.960 17.820 21.060 
2-methyIglutaric 0.319 2.550 7.650 12.750 17.850 21.038 
2,5-dimethylbenzoic 0.260 2.080 6.240 10.400 14.560 17.160 
3-methylglutaric 0.261 2.085 6.256 10.427 14.597 17.204 
2,4-dimethylbenzoic 0.263 2.100 6.300 10.500 14.700 17.325 
3,5-dimethylbenzoic 0.256 2.050 6.150 10.250 14.350 16.913 
2,3-dimethylbenzoic 0.272 2.172 6.516 10.860 15.204 17.919 
n-decanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
4-allylguaiacol 0.284 2.843 7.817 15.990 21.320 26.650 
4-methyIsyringoI 0.283 2.832 7.788 15.930 21.240 26.550 
3,4-dimethylbenzoic 0.269 2.153 6.460 10.767 15.073 17.765 
adipic acid 0.300 2.400 7.199 12.960 17.820 21.060 
t-2-decenoic 0.318 2.123 6.368 10.613 14.859 18.043 
cis-pinoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
3-methyladipic 0.328 2.623 7.868 13.113 18.359 21.637 
4-formylguaiacol 0.283 2.832 7.788 15.930 21.240 26.550 
undecanoic 0.315 2.523 7.570 12.617 17.663 20.818 
isoeugenol 0.300 3.000 8.250 16.875 22.500 28.125 
pimelic acid 0.300 2.400 7.199 12.960 17.820 21.060 
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acetovanillone 
lauric acid 

0.266 2.655 7.301 14.934 19.913 24.891 
0.300 2.400 7.199 12.960 17.820 21.060 

Compound 
phthalic acid 
levoglucosan 
syringaldehyde 
tridecanoic acid 
suberic acid 
isophthalic acid 
azelaic acid 
myristoleic 
myristic acid 
sebacic 
pentadecanoic acid 
undecanedioic 
palmitoleic 
palmitic acid 
isostearic 
dodecanedioic acid 
heptadecanoic 
1,11
undecanedicarboxilic 
oleic acid 
elaidic acid 
stearic acid 
1,12-dodecanedioic 
nonadecanoic acid 
dehydroabietic acid 
eicosanoic acid 
pentadecanedioic acid 
abietic acid 
heneicosanoic acid 
docosanoic acid 
tricosanoic acid 
tetracosanoic acid 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
ng/uL ng/uL ng/uL ng/uL ng/uL ng/uL 

0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 18.144 21.384 
0.266 2.655 7.301 14.934 19.913 24.891 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.307 2.046 6.138 10.230 14.322 17.391 
0.300 2.400 7.199 12.960 17.820 21.060 
0.165 1.098 3.294 5.489 7.685 9.332 
0.300 2.400 7.199 12.960 17.820 21.060 
0.165 1.099 3.296 5.493 7.691 9.339 
0.318 2.120 6.360 10.600 14.840 18.020 
0.300 2.400 7.199 12.960 18.144 21.384 
0.312 2.080 6.240 10.400 14.560 17.680 
0.165 1.099 3.296 5.493 7.691 9.339 
0.323 2.585 7.756 12.927 18.097 21.329 . 

0.171 1.141 3.424 5.707 7.989 9.701 
0.300 2.400 7.199 12.960 18.144 21.384 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 18.144 21.384 
0.166 1.105 3.315 5.525 7.735 9.393 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.166 1.105 3.315 5.525 7.735 9.393 
0.300 2.400 7.199 12.960 18.144 21.384 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 
0.300 2.400 7.199 12.960 17.820 21.060 

cholesterol 0.750 5.999 17.998 32.400 44.550 52.650 
b-sitosterol 0.750 5.999 17.998 32.400 44.550 52.650 
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APPENDIX 

SVOC Program Information 

I. Before Running 

A. Each project must be listed in the database "H:\db-prg\oalproj.dbf.". Fill in the 
following columns: 

Column Value 
NUM Use the next number in sequence 
PROJ NAME A short description you will recognize 
PROJ CODE The two-digit project code MUST be unique 
ROOT DIR The directory where the project data are stored 
STATUS "c" for current, or "0" for old 
SVOC enter 1 to run the SVOC programs, 0 otherwise. 

B. For each project, there is a list of target compounds for analysis. This list is in the 
directory "H:\db_calib\svoc\" and it is called AAcmpd.dbf, where AA is the project code in the 
oalproj.dbf database. In this same directory is a database called "Template.dbf' which is a 
template you can copy to n1ake the new ones. The fields you must fill in are: 

Column Description 
Field Name The mnemonic for the PAH or PAH uncert. 
Field_Type ignore this 
Field Len ignore this 
Field Dec ignore this 
Compound The long name for the compounds only, enter 

nothing for uncert. This MUST exactly match the 
way it is in the mass spec calibration file. 

Type Enter "c" for a compound, nothing for uncert. 

C. If you intend to import GCMS data, you must use Lantastic to attach the GCIMS 
computer's c: (hard) drive to a drive on the local machine. 

II. Running 

A. Run the genbatch program and follow inputs. 
B. IF this is the first time you have worked on this project, you must first run the option "N" 
which creates a new set of files. This will make the files you will need. 
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C. You now can quit the programs and enter samples into the' lab' database. This is the 
database the import program uses to determine what to import. 
D. If the sample is run diluted, that file name and process status are also noted. When there 
is no diluted sample, just leave the name blank and set the dil_f---'proc bit to zero. After the 
samples are imported, the program automatically enters a 2 for the proc bit. 

Column Description 
PID Standard ID 
XMSFLAG Mass Spec flag 
F NAME Mass Spec file name for main analysis 
F PROC Process bit for main (0=<10 nothing, 1== import 

normally, 2==import done). 
DIL F NAME Mass Spec file nan1e for diluted analysis (if done) 
DIL F PROC Process bit for diluted (O==do nothing, 1== import 

normally, 2==import done). 
SAMPLNO Sample number 
LOT Lot numbers 
ANALDATE Da~e of analysis 
COMMENTS Notes 

E. Once the import is done, AND the field data have been entered, you may continue with 
the rest of the processing, simply by following the sequence. 

F. For the first batch of any project, the menu looks like: 

** FILE CREATING FOR BATH 1 ONLY **
 
N FOR Creating New Project Files
 
6 FOR Importing XMS data.
 

** Copying files from current Batch \data to \report 
3 FOR Copying Field data. 
4 FOR Copying analysis (xms) data. 

** Continue Processing Field
 
5 FOR Processing Field data file.
 

** Continue Processing Analysis (xms) file. 
7 FOR Running REP. 
S FOR Merge FLD and XMS files to CHM file. 
9 FOR Calculate blank values and blank uncertainty. 
10 FOR Convert chm file to con file (ug/mJ

). 

Simply follow the sequence through. Note, before going to Step 3 and beyond, you must first 
make sure the field and xms data are all input. 
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III. Continuing a Project: Batch 2 and Following. 

A. The menu for batch 2 and following looks like: 

** Copying files from previous Batch \report to current \data directories 
1 FOR Copying Field data from Batch (prev) to (current). 
2 FOR Copying analysis (xms) and LAB data from Batch (prev) to (current). 
6 FOR Importing XMS data. 

** Copying files from current Batch \data to \report 
3 FOR Copying Field data. 
4 FOR Copying analysis (xms) data. 

** Continue Processing Field 
5 FOR Processing Field data file. 

** Continue Processing Analysis (xms) file. 
7 FOR Running REP. 
8 FOR Merge FLD and XMS files to CHM file. 
9 FOR Calculate blank values and blank uncertainty. 
10 FOR Convert chm file to con file (ug/mJ

). 

This is basically the same as before, except you simply want to copy the previous Field, 
lab and xms files. 

SVOC2 - The Sequel 

Background 
We have to analyze for more than just the PAH species, so a second processing program 

has been written. This program follows the PAH analysis program sequence with a number of 
exceptions. 

Exceptions 
The second SVOC progran1 uses the same lab and field files as the regular program and 

thus these need to be finished at the same time. 
The option exists in this program to define which compounds will be in1ported from the 

regular samples and which from diluted ones. This must be the same for all compounds in a 
project, although some adjustments can be made if necessary. In any case, all compounds must 
be imported the first pass through and then a sub-group can be imported from a second (called 
diluted) on file. 

Everything is case sensitive, especially the compound names. 

Steps 
1. Tell the Data Processing Manager which projects need this so the OALProj database 
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and the other necessary files can be updated. 
2.	 Update the compound list file. This file is project-specific and it is located in the 

H:\db_calib\svoc\ directory in the general form xx2cmpd.dbf, where xx is the project 
code. The template is nflcmpd.dbf. This needs to be filled out in the following 
format: 

Field_name This is the mnenlonic that will become the field name. Each compound 
must be followed by its associated uncertainty, just as in the example. 

Field_type Leave alone 
Field len Leave alone 
Field dec Leave alone 
Compound For the compound only (not the uncert.), insert the compound 

name EXACTLY as it is in the HP GC/MS calibration file. If this is not spelled 
EXACTLY as it is in the calibration file on the HP GC/MS nothing will work. Do 
not put in anything for the uncertainties. 

Type Put in "c" for compounds, nothing for uncertainties. EVERY compound in the 
list MUST have a "c" in this field. 

Oil Put in "d" for compounds that will be imported from diluted files, nothing 
otherwise. 

3.	 Update the Lab database. There are five new fields in the lab database for the second 
SVOC files. These are: 
F2_name Mass spec file name for primary analysis 
F2---'proc Process status for above (1 = ready to import, 2= done) 
Oil fl nam MS file name for diluted run 
Oil_flyro Process status for above (1 = ready to import, 2= done) 
Oate2 Analysis date for second compound list. 
This should follow the conventions used in the normal data processing for PAH 
species. 

4.	 00 genbatch and follow the instructions. When you select a project you will be 
prompted to select either SVOC or Additional SVOC compounds. Selecting the latter 
(option 7) will take you to the SVOC2 programs. First use the "N" option to build 
new files and then continue by importing the mass spec data and continuing the 
processing. This will create XM2 (the raw mass spec data), the CH2 file, and the 
CN2 (ng/m3) file. 
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Calibration Plo't (Int SUs) '11enaJl8: PM Correlation Coett: 8.999 
1,7-dIJlethy1phenanthrene ea.pouncl: 45 or B3 standard Deviation: 8.828 
(Area or. Sa.ple/Area 01 Standard) V8 (AIIount(auaple)I'AIIount(.-taMarcl)ILlnILin) 

[ y =8._ E8 x~ + 1.269278 E8 x + -4.631979 E-3 ] 
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B.S88 1.888 1.588 

Figure 1 
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Callhratlon Plat (Int SUS) FllenuMl: PAH Correlation CoeIf: 8.999 
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Figure 2 
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Calihratlon Plot (Int Std.) 'lie.... : PM Correlation eoerr: 8.999 
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Figure 3 
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Figure 4 
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Call'..atlon Plot (Iwt sUa) 'II..... : PAM Correlation Caett: 1.997 
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Figure 5 
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Introduction and Background 

This emission testing project is a follow-on project for Viscon California, formerly GTAT 
(Las Palmas Oil and Dehydration Company) using the same diesel engine that has 
already completed standard controlled substance emission testing in accordance with 
the CARB protocol entitled Verification Procedure, Warranty and In-Use Strategies to 
Control Emissions from Diesel Engines as Described in the Final Regulation Order, Title 
13, California Code of Regulations, Sections 2700 through 2710. 

Original emission testing and 1000 hours of durability operation with the same test 
engine was completed in 2004 with Viscon fuel treatment resulting in significant 
reductions of NOx and Particulates compared to original baseline emission 
measurements before fuel treatment with Viscon. 

Subsequent to conclusion of the above testing project, CARB has specified that the 
Viscon treated diesel fuel must additionally be tested as an alternative fuel with detailed 
exhaust emission measurements of uncontrolled substances, including toxic 
hydrocarbons and Carbonyls. The emission report of 2006 provides all of the CARB 
required data after operating the test engine and measuring emissions in exact 
accordance with CARB pre-approved testing and analysis protocols as described in the 
detailed report, but still CARB required another 1000 hours of durability testing (to make 
3000 hours total of durability operation and emission testing) with Viscon treated fuel. 

Accordingly, the same engine was operated and emission tested on commercially 
available ultra low sulfur diesel fuel that meets California ULSD specifications. 
Emissions were again measured after 1000 additional hours of operation with ULSD 
test fuel treated with Viscon. Emissions were again measured with the Viscon treated 
fuel for comparison to the baseline data. 

Test Engine and Reference to Earlier Reports 

The test engine for this project is a Model 3306 six cylinder Caterpillar diesel engine 
rated at 265 HP. This is the same engine used in the prior emission testing to measure 
changes in exhaust emissions with the Viscon polymer additive admixed to the baseline 
no. 2 diesel fuel. The previous initial engine testing is described in an ETS (Olson 
Engineering, Inc.) summary report dated August 19,2003 providing the data 
comparisons before durability testing and a second summary report (Olson-EcoLogic) 
dated November 26, 2004 covering the emission/fuel economy measurements after 
1000 hours of engine durability operation with the Viscon treated fuel. The test work 
completed in 2006 is available in a report originally dated December 1, 2006 and 
revised August 8,2007. All reports are available upon request. 
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Test Fuel 

Previous testing with the specified test engine was done in 2003 and 2004 using 
commercially available no. 2 CARB diesel fuel with sulfur limits of 500 ppm or less for the 
baseline and Viscon treated test fuel. This fuel met California fuel specifications that 
existed in the earlier time frame, but such fuel is no longer available in the California 
commercial market. Accordingly, all of the test work done in 2006 and again as 
described in this report was done with one batch of commercially available no. 2 ultra 
low sulfur diesel fuel. This test fuel has a sulfur content of less than 15 ppm and other 
composition differences compared to the test fuel used in earlier years with this engine. 
Fuel specifications are proVided in the Appendix. 

Test Protocol 

First, an additional 1000 hours of engine durability operation using a representative and 
repetitive load cycle was completed again by Olson-Ecologic, operating on ULSD test 
fuel treated with Viscon at 1 oz. per 20 gallons. The engine was then removed from the 
outside durability test cell and re-installed in the same test cell used previously for all 
collection of all official emission data. Then, as in all previous emission testing, for 
proper comparison of new data to data collected previously with the specified test 
engine the official ISO 8178 8-mode steady-state test protocol was used as required for 
certification of heavy-duty diesel engines in off-road applications. This operating test 
protocol involves the collection and analysis of emissions from a hot-start while 
operating the engine over 8-modes of fully warmed up operation at specific loads and 
speeds under stabilized conditions. The detailed testing cycle is as follows: 

-, 
:;:-~.~:,,- J--l'-J~~·-··2--"I.'--' -.;-,,-; - ....' -. -,~~-~ 

/") ~ 
r • .' __ .,.'~jU~t:?_~~~ __ j. '~-3t~F.c\.n~ ':.':;':"! '/, . ...- ~}' r; r_,:-.,) ~\ 

1 15 Rated 100 
2 15 Rated 75 

153 Rated 50 
4 10 Rated 10 

10 Max torque, rpm 1005 
Max torque 6 10 75 

7 10 Max torque 50 
158 Idle 0 

The engine was operated and emissions were recorded every second of each mode for 
five minutes to stabilize emissions. The last two minutes of each mode were recorded 
second-by-second and averaged to provide the stabilized steady-state emission/fuel 
economy results. 

All engine exhaust for all modes passed through the Horiba Olson-Ecologic dilution 
tunnel. The dilution tunnel was set to operate at a total constant flow of 70 cubic meters 
per minute, providing variable exhaust dilution for each mode as a function of actual 
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exhaust flow rates. Primary air was measured through the initial critical flow venturi 
(dilution air) and the total temperature corrected volume (Vmix) of dilutant air plus 
exhaust was measured continuously at the second critical flow venturi. The calculated 
dilution ratio mode-by-mode is simply the temperature corrected composite total (Vmix) 
divided by the exhaust flow (Vmix - dilution air). The measured dilution ratio is 
expected to be essentially a constant for the same mode for all tests, but the actual 
dilution ratios were used as measured for each individual test to allow for minor test-to
test variance. 

Gaseous emissions for each test mode were measured every tenth of a second and 
then converted to recorded data for each second for each five minutes of mode 
operation. Only the last two minutes of each mode were averaged to provide the 
stabilized diluted mode data. Dilute data from each mode were then multiplied by the 
specific mode dilution ratio to obtain the raw modal data and then multiplied by the 
appropriate mode weighting factor before adding all eight modes together. Finally, the 
total sum of the weighted modal data was divided by the weighted horsepower and by 
the test time to provide the weighted grams per bhp-hr for direct data comparisons to 
the official emission standards for controlled gaseous emissions. 

Particulate sampling involved initial calculation of exhaust mass flow per mode from an 
actual full 8-mode test. Secondary dilution ratios in the AVL Smart Sampler calculation 
were programmed for each mode and time of sampling was adjusted to properly 
compensate for specified modal" weighting factors. Since the AVL PM Sampler draws 
its sample from the exhaust dilution tunnel for each mode the dilution ratio existing for 
each mode was included in the sample calculation to ultimately determine the total raw 
exhaust volume for proper calculation of the generated particulates in grams/bhp-hr. All 
particulate sampling resulted in the capture of measured and weighted particulates on a 
single filter media for each mode of each 8-mode test (eight complete particulate 
samples per test). 

Exhaust sampling and subsequent gas chromatography analysis for uncontrolled toxic 
hydrocarbons (C2-C12) followed the detailed Standard Operating Procedure (S.Q.P.) 
described in the Appendix. Modal sample collection was done for a total of 20 minutes. 
Modes 1, 2, 3 and 8 were collected for three minutes of the five minute mode, while 
modes 4, 5, 6 and 7 were collected for two minutes. Samples were drawn from each 
bag and analyzed by gas chromatography. The overall dilution ratio for the 8-modes 
(20 minutes of testing time) was used to correct and calculate the resulting G.C. data in 
grams/bhp-hr. ((CQNCPPb/10-9)(Vmix,ft3)(Density,g/ft3)lWork,bhp-hr). Simultaneously 
samples were drawn and captured for Carbonyls for analysis at an off-site location 
(Desert Research Institute) as described in the Appended S.Q.P. for this procedure. 

Task Descriptions 

The specific tasks and order of operation were as follows: 
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1.	 The engine was connected to the outside durability dynamometer and all required 
sensor systems were calibrated and verified. Normal maintenance intervals were 
followed with fuel and oil filters and oil changed every 250 hours. 

2.	 The engine was operated with the Viscon treated fuel over a representative load 
cycle for 1,000 hours while monitoring RPM and load and all pertinent 
temperatures. 

3.	 After accumulation of 1,000 durability hours the engine was re-installed in test cell 
no.1 for subsequent emission testing. 

4.	 Instrumented and MAPPED engine, verified test cycle and all calibrations 

initiated engine testing.
 

5.	 Conducted standard ISO 8178 8-mode emission tests with the Viscon treated fuel 
for PM (each mode) and gaseous emissions simultaneously capturing dilute 
exhaust gas samples from three of the tests for in house measurement of toxic 
hydrocarbons by gas chromatography and for off-site (Desert Research Institute) 
analysis of Carbonyls. 

6.	 Conducted quality audit functions for all data, calculated and reported changes in 
a,1I measured emissions caused by the Viscon treated fuel compared to the 
baseline fuel at a 95°A> confidence level. Prepared final report. 

Test Facility, Equipment and Capability-

All testing discussed in this report was conducted at the Olson-EcoLogic heavy-duty 
engine test facility located in Fullerton, California. Engine durability accumulation was 
conducted over a representative load cycle in the outside test cell using the O-E 1000 
HP SuperFlow dyno for engine loading. All initial engine operation a,nd emission testing 
was conducted in the Olson-EcoLogic test cell 1. The test cell is equipped with a 450 
horsepower full electric dynamometer, air conditioning and conventional sensors for 
continuous measurement of pressures, temperatures and air mass. State-of-the-art 
Horiba analyzers were used for dilute gas measurement of THC, CO, C02, NOx and 
NO. An AVL Smart Particulate Sampler was used to capture particulates and fuel 
consumption was measured gravimetrically. The test cell operation is controlled by a 
fully integrated Labview based custom software program. 

All corrected PM calculations are provided in detail for each test. The calculations to 
sum the results of multiple modes has been done in exact accordance with the ISO
8178 protocol for dilute sampling as provided in Section 15 of ISO 8178-1 :2006 (E) and 
specifically sections 15.4 and 15.5. This test protocol originates in EPA CFR paragraph 
89.112 (C) which further references paragraph 89.6. Finally, the PM and test cycle 
procedures for California refers back to use of the ISO 8178-1, Section 15 listed above 
and this is what was used to correct all of the PM data as described in report. 
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Effectively, this involves calculated removal of primary and secondary dilution and 
ultimate summation of the weighted mass PM flow rate for all eight modes divided by 
the 8-mode sum of weighted average power. 

Heated sample lines were used to transport the exhaust gases to HC, NOx and NO 
analyzers. Calibrations with certified gases were routed to the analysers through the 
same sample lines used to sample the exhaust gases. In all cases the requirements of 
40 CFR were followed. The particulate filters were conditioned for temperature and 
humidity before and after accumulation of particulates. Air mass to the engine was 
measured by a temperature corrected Sierra Air mass sensor as a secondary backup 
calibrated by the dilution tunnel venturi measurements of diluent air and total Vmix. 
Engine intake air was controlled between 68 and 86 degrees F and fuel temperature 
was controlled to 100 degrees F +/- 10 degrees F as specified in CFR 40. A schematic 
of the complete exhaust gas sampling system is shown in the following figure. 
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The quality management system of Olson-EcoLogic is ISO 9001 :2000 registered. The 
Company is officially recognized by EPA and CARB as a capable emission test facility 
for the protocols used in this project. All test activity was under the direction and 
responsibility of Donel R. Olson. Mr. Olson is a registered professional mechanical 
engineer with 50 years of experience in the measurement and analysis of engine 
emissions. Over twenty engine emission test laboratories in the United States and 
Germany have been under his ownership and direction during the past 40 years. 
Details of the Olson-EcoLogic emission test facility capability can be viewed and 
obtained on the Olson-EcoLogic website (www.ecologiclabs.com). 

Other 

Olson-EcoLogic Engine Testing Laboratories, LLC was acting as an independent 
contractor and not as agents or employees of the client in the conduct of work related to 
this project. 

The Company does not guarantee the results of any test protocol, however, if repeat 
tests are not within acceptable variances Olson-EcoLogic on their own decision repeats 
the tests at no additional cost to the client. 

Test Results 

All of the exhaust emission tests reported here are listed chronologically in Table 1 and 
Table 2. No new baseline data were acquired because this emission testing was done 
immediately after 1000 hours of additional engine durability testing while operating on 
the Viscon treated diesel fuel. Baseline data for the engine were accumulated in 2003 
before any operation of the engine with Viscon treated fuel. The engine has actually 
undergone over 3,000 hours of CARB required durability and emission testing with 
Viscon treated fuel. The baseline data are available in a separate 2003 report. 

Viscon additive at the normal concentration of 1oz. per 20 gallons was admixed in the 
diesel fuel used to operate the engine after measuring baseline emissions in 2003. 
Beginning with Viscon treated fuel test no. 8MLPV48 ten new official tests were 
completed to compare the average to the reference fuel baseline data. One of the tests 
(50) was not included in the ten test average because there were no PM values for 
mode 8. Table 2 includes the modal PM data and includes the averages, standard 
deviation and 95°J'c> confidence level for each mode of the PM sampling. 

Concurrently with the above tests, as shown in Table 3, data were collected similarly for 
toxic compounds analysis including VOC's and Carbonyls. Triplicate sets of data were 
obtained with the Viscon treated reference fuel (test nos. 8MLPV52, 53 and 54). 
VOC data were collected a second time (test nos. 8MLPV58 through 61) because of 
significant data variance with these measurements. Table 3 provides the results of all 
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VOC and Carbonyls data for the triplicate baseline sets compared to the multiple sets of 
data obtained with the Viscon treated reference fuel. 

Discussion of Results 

The measured effect of the Viscon additive on all controlled emissions must be 
compared to the baseline data without Viscon to see its effectiveness. The Viscon 
product as demonstrated for the Caterpillar Model 3306 engine under steady-state 
operating conditions will reduce exhaust particulates to satisfy level 1 of CARB criteria 
(25-50%). This result is consistent with earlier data accumulated on the same engine. 

Additional data collection required by CARB involved two major expansions of the 
project. 

1) Exhaust particulates were sampled for each mode of the 8-mode test protocol 
instead of a composite sample collection of all 8 modes on one filter media and 

2) Integrated samples over the 8-modes of testing were collected and analyzed 
for toxic hydrocarbons (VOC's) and Carbonyls. These specific testing protocols 
are described in the appendix. 

Particulate Sampling and Analysis 

The PM sampling for each mode resulted in measurement of PM for eight specific 
conditions for each 8-mode test. To be consistent with the ISO 8-mode test protocol, the 

.	 specific sampling for each mode was weighted by dilution ratio selection and time of 
sampling capture to match the ISO test protocol specific weighting factors. Accordingly, 
modes 1, 2, 3 and 8 were weighted 15% each and modes 4, 5, 6 and 7 were weighted 
10% each to total 100% for all eight modes. 

The analysis of the PM data was accomplished by weighing the captured PM for each 
mode and dividing that weight by sampling time and the horsepower generated during 
the mode to provide the weighted PM result in grams/hp-hr. For the idle mode, (mode 8) 
this calculation was not possible because hp at idle is zero. Therefore, the idle PM data 
are reported in grams/hour only. However, the idle PM weight does go into the 
calculation of total weighted grams/bhp-hr. The PM values from all 7 of the other 
operating modes have been summed and tabulated in Tables 1 and 2 to show the total 
PM generated in grams/bhp-hr. 

The VOC and Carbonyls comparisons shown in Table 3 for the same tests are 
somewhat of a mixed bag. For example, 1,3-butadiene initially is very low in 
concentration beyond the measurable data in the exhau.st with the Viscon additive. As 
expected by the technical theory, the Carbonyls also show significant reductions with 
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the Viscon fuel treatment. Such data cannot be compared to the true engine baselines 
because CARB did not require the measurement of these compounds in 2003 when the 
true engine baseline was measured. 

An anomaly involving the PM calculation from the weight of PM on individual filters from 
each mode compared to the composite sampling on a single mode being somewhat 
more with the multiple filters is commonly known. This difference is on the order of 20
30°A> higher weight for the multiple filters than for the single composite filter. This effect 
tends to be verified with duplicate data obtained at the end of the project capturing PM 
on a single composite filter and shown in Table 4. 
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Summary of Emissions
 

Comparison of the Averages of the Baseline Tests to the Viscon Tests
 
Conducted at Olson-Ecologic Labs
 

For Viscon California
 

grams/bhp-hr 

NOx C02 

9-Test Average 1.38 1.69 5.79 561.26 178.51 0.265 

----------------- grams/bhp-hr--------- 
HC CO NOx C02 FUEL PM 

10-Test Average 1.43 1.62 5.89 552.58 175.80 0.197 

~---_--->-------- -.- -- ----~~-~:-~._::l;}'::' --------, -- -- -- - -- -.- --.-- -----.- -.



Table 1
 

Data Summary
 
Caterpillar 3306 Diesel Engine Tested with ULSD fuel with the Viscon Additive Treatment
 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories
 
For Viscon California
 

December 2007
 

Test data not used in calculations (no PM data for mode 8)
 
12/10/2007 Viscon 8MLPV50 130.52 1.43 1.66 5.94 5.41 174.21 547.48 0.199
 



Table 2a 
PM Data Summary Table 

Caterpillar 3306 Diesel Engine Tested with ULSD Fuel 
Testing Conducted by Olson-Ecologic Engine Testing Laboratories 

For Vlscon Califormia 
Testing Conducted October 2006 

j -t ij::t,.<; . /Ht:.f.:.:J.~ l~t~i" 
,'.;'\';'!:'4u: ,cl'!.~ i.',H;:.,:J" 

:~~lL ..:i4'jl"i'~- ..':I.. (::'[j.~/jlel'l)~- ~;L.'1.1~1l~~.i:.u.~.:, ..' ..t-~i L·.Li"&~"~i;' t~thu.oi~L::J:~~i;tL ..~·ll~J:':":--.\:~. ~cL·&l:~ili:.:Jl:· - '<E·_.:,. _~'d ... 

~1!lL:Jn1~il;I:C'~~)L ~,l:jj, -ULSD 8MLP14 0.129 0.183 0.232 3.094 0.342 0.237 0.234 
ULSD 8MLP15 0.122 0.145 0.251 2.106 0.373 0.261 0.248 
ULSD 8MLP16 0.108 0.127 0.251 2.209 0.355 0.261 0.241 
ULSD 8MLP17 0.122 0.143 0.263 2.221 0.427 0.318 0.292 
ULSD 8MLP18 0.121 0.145 0.254 2.430 0.392 0.281 0.314 
ULSD 8MLP19 0.127 0.135 0.207 2.211 0.410 0.265 0.226 
ULSD 8MLP20 0.118 0.153 0.241 2.322 0.352 0.236 0.241 
ULSD 8MLP21 0.112 0.141 0.228 2.108 0.348 0.241 0.243 
ULSD 8MLP22 0.102 0.161 0.210 1.917 0.312 0.208 0.124 

AVERAGES (BASELINE 0.118 0.148 0.237 2.291 0.368 0.256 0.240 

0.289 
0.250 
0.240 
0.284 
0.297 
0.276 
0.273 
0.248 
0.231 
0.265 

20.54 
2.06 
2.06 
14.39 
30.85 
26.72 
26.70 
12.34 
18.51 

17.128 

27.31 
28.49 
17.11 
18.36 
25.37 
23.95 
17.85 
27.76 
26.47 
23.630 



Table 2b 
PM Data Summary Table 

Caterpillar 3306 Diesel Engine Tested with ULSD fuel with the Viscon Additive Treatment 
Testing Conducted by Olson-Ecologic Engine Testing Laboratories 

For Vlscon Callformla 
December 2007 

12110/2007 
12110/2007 

12110/2007 
12110/2007 
12110/2007 
12111/2007 
12111/2007 
12112/2007 
12112/2007 
12120/2007 

Viscon 8MLPV48 
Viscon 8MLPV49 
Viscon 8MLPV51 
Viscon 8MLPV52 
Viscon 8MLPV53 
Viscon 8MLPV54 
Viscon 8MLPV55 
Viscon 8MLPV56 
Viscon 8MLPV57 
Viscon 8MLPV58 

1O-Test Average 
Standard Deviation 

95'Y. Confidence Level 

131.80 
130.69 
130.09 
131.89 
131.48 
130.57 
130.80 
130.51 
131.15 
131.54 
131.05 
0.609 
0.378 

0.104 
0.109 
0.111 
0.112 
0.094 
0.104 
0.108 
0.109 
0.105 
0.091 
0.105 
0.007 
0.004 

0.106 0.158 1.595 0.337 0.210 0.058 
0.103 0.169 1.697 0.361 0.216 0.058 
0.116 0.164 1.665 0.355 0.223 0.058 
0.119 0.181 1.372 0.391 0.191 0.030 
0.104 0.156 1.132 0.383 0.226 0.062 
0.101 0.153 1.449 0.348 0.171 0.079 
0.114 0.165 1.492 0.345 0.201 0.055 
0.104 0.138 1.286 0.333 0.191 0.034 
0.105 0.141 1.339 0.385 0.184 0.051 
0.088 0.136 1.241 0.323 0.196 0.058 
0.106 0.156 1.427 0.356 0.201 0.054 
0.009 0.015 0.187 0.024 0.018 0.014 
0.005 0.009 0.116 0.015 0.011 0.009 

-0.200 
0.197 
0.211 
0.196 
0.194 
0.196 
0.193 
0.192 
0.190 
0.201 
0.197 
0.006 
0.004 

\ ' , ' .. 
-. ..,-... . 

! l ~ !. ii, 'I. I ~ • : 

14.38 
4.11 
14.38 
4.65 
12.32 
15.95 
6.47 
18.47 
10.26 
15.14 

11.613 
5.023 
3.114 

Test data not used In calculations (no PM data for mode 8) 
12/10/2007 Viscon 8MLPV50 130.52 0.102 0.097 0.137 1.385 0.357 0.211 0.095 0.199 0.00 



Table 3a 
G.C. Comparison Summary 

Caterpillar 3306 Diesel Engine 
Testing Conducted by Olson-Ecologic Engine Testing Laboratories 

For Viscon California 
December 2007 

(Units in glbh,rhr) 

1,3-butadiene benzene toluene ethylbenzene m&p-xylene o-xylene 
10/1012006 Baseline Avg. 0.000252 0.009026 0.004228 0.001811 0.003898 0.002311 

12121/2007 8MLPV58 0.004201 0.009855 0.005123 0.002436 0.003837 0.002282 
12121/2007 8MLPV59 0.005098 0.009093 0.005008 0.002532 0.004109 0.002894 
12121/2007 8MLPV60 0.003878 0.008764 0.004917 0.002426 0.004064 0.002525 
12121/2007 8MLPV61 0.004816 0.008920 0.004927 0.001301 0.003972 0.002523 

4·Test Viscon Average 0.004498 0.009158 0.004994 0.002174 0.003996 0.002556 
Standard Deviation 0.000558 0.000484 0.000095 0.000584 0.000120 0.000253 

95% Confidence Level 0.000547 0.000474 0.000093 0.000572 0.000118 0.000248 



Table 3b
 

Carbonyls
 

G.C. Comparison Summary
 

Percent change comparing ULSF to ULSF w/ Viscon - (Units in g/bhp-hr)
 

Caterpillar 3306 Diesel Engine
 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories
 

For Viscon California
 

December 2007
 

Analyzed via High Performance Liquid Chromatography by Desert Research Institute
 

10/10/2006 12/11/2007 12/11/2007 12111/2007 

Baseline Avg. BMLPV52 BMLPV53 BMLPV54 Avg. Change 

formaldehyde 0.027257 0.032759 0.026156 0.031159 0.030025 100k 
acetaldehyde 0.007385 0.007214 0.006248 0.007383 0.006948 -6% 

acetone 0.001867 0.000364 0.001660 0.000632 0.000886 -53% 

acrolein 0.001025 0.000178 0.001332 0.000507 0.000672 -340/0 
propionaldehyde 0.001332 0.001030 0.001104 0.001136 0.001090 -18% 

crotonaldehyde 0.000997 0.000000 0.000894 0.000101 0.000332 -670/0 
methyl ethyl ketone 0.000462 0.000028 0.000241 0.000047 0.000105 -770/0 
methacrolein 0.000447 0.000045 0.000000 0.000064 0.000037 -920/0 
butyraldehyde 0.004759 0.000519 0.000511 0.000645 0.000558 -S8°k 
benzaldehyde 0.000633 0.000350 0.000751 0.000366 0.000489 -23% 

glyoxal 0.000322 0.000000 0.000000 0.000000 0.000000 -1000/0 
vaIeraldehyde 0.000617 0.000000 0.000000 0.000000 0.000000 -1000/0 
m-tolualdehyde 0.000016 0.000170 0.000340 0.000158 0.000223 12600k 
hexanaldehyde 0.000316 0.000420 0.000316 0.000448 0.000395 250/0 



Table 3c 
PAH's 

G.C. Comparison Summary 

Percent change comparing ULSF to ULSF wi Viscon - (Units in g/bhp-hr) 

Caterpillar 3306 Diesel Engine 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories 

For Viscon California 

October 2006 

Analyzed via High Performance Liquid Chromatography by Desert Research Institute 

ULSF ULSF wi Visean 
8MLPI7 8MLPI8 8MLPI9 Average 8MLP39 8MLP40 8MLP41 Average Change 

PAH's (Analyzed via Gas Chromatography/Mass Spectrometry by Desert Research Institute) 

naphthalene 0.0000125192 0.0000071081 0.0000119718 

2-methylnaphthalene 0.0000112961 0.0000084828 0.0000095142 

acenaphthylene 0.0000002048 0.0000001814 0.0000001930 

acenaphthene 0.0000005852 0.0000006578 0.0000007354 

fluorine 0.0000005526 0.0000005425 0.0000005102 

phenanthrene 0.0000013504 0.0000013821 0.0000013007 

anthracene 0.0000001898 0.0000001834 0.0000001699 

fluoranthene 0.0000000719 0.0000000720 0.0000000579 
pyrene 0.0000002207 0.0000002166 0.0000002438 

benz(a)anthracene 0.0000000074 0.0000000084 0.0000000070 

chrysene-triphenylene 0.0000000108 0.0000000105 0.0000000141 

benzo(b+j)fluoranthene 0.0000000016 0.0000000006 0.0000000006 

benzo(k)fluoranthene 0.0000000005 0.0000000002 0.0000000003 

BeP 0.0000000013 0.0000000006 0.0000000006 

BaP 0.0000000002 0.0000000000 0.0000000010 

perylene 0.0000000006 0.0000000000 0.0000000002 

indeno[ 123-cd)pyrene 0.0000000004 0.0000000000 0.0000000000 

dibenzo(ah+ac)anthracene 0.0000000002 0.0000000000 0.0000000000 
benzo(ghi)perylene 0.0000000000 0.0000000000 0.0000000000 

0.0000105330 

0.0000097644 

0.0000001930 

0.0000006595 

0.0000005351 

0.0000013444 

0.0000001810 

0.0000000673 
0.0000002270 

0.0000000076 

0.0000000118 

0.0000000010 

0.0000000003 

0.0000000009 

0.0000000004 

0.0000000003 

0.0000000001 

0.0000000001 
0.0000000000 

0.0000051731 

0.0000024317 

0.0000001683 

0.0000000615 

0.0000001376 

0.0000004623 

0.0000000647 

0.0000000559 
0.0000001584 

0.0000000025 

0.0000000073 

0.0000000000 

0.0000000002 

0.0000000005 

0.0000000000 

0.0000000000 

0.0000000002 

0.0000000000 
0.0000000000 

0.0000046456 

0.0000027416 

0.0000001606 

0.0000000706 

0.0000001311 

0.0000005479 

0.0000000816 

0.0000000599 
0.0000001207 

0.0000000015 

0.0000000045 

0.0000000000 

0.0000000000 

0.0000000005 

0.0000000000 

0.0000000000 

0.0000000000 

0.0000000000 
0.0000000000 

0.0000039993 

0.0000025569 

0.0000001573 

0.0000000610 

0.0000001238 

0.0000004993 

0.0000000780 

0.0000000350 
0.0000000982 

0.0000000006 

0.0000000042 

0.0000000010 

0.0000000003 

0.0000000006 

0.0000000000 

0.0000000000 

0.0000000000 

0.0000000007 
0.0000000004 

0.0000046060 

0.0000025767 

0.0000001621 

0.0000000644 

0.0000001308 

0.0000005032 

0.0000000748 

0.0000000503 
0.0000001258 

0.0000000015 

0.0000000054 

0.0000000003 

0.0000000002 

0.0000000005 

0.0000000000 

0.0000000000 

0.0000000001 

0.0000000002 
0.0000000001 

-56% 
-74% 
-16% 
-900/0 
-76% 
-63% 
-59% 
-25% 
-450/. 
-80% 
-55% 
-67% 
-50% 
-37% 
-100% 
-100% 

-50% 
299% 



Table 4
 
Emission Data Obtained at the End of the Viscon Project
 

Using a Single Composite PM Filter
 

8MLPV62 131.7 1.42 1.53 6.02 5.41 0.159 174.70
 

8MLPV63 131.1 1.44 1.58 5.70 5.32 0.164 175.26
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QAlQC 

Please complete in chronological order. 

9:17 

8MLPV49 11:54 HC,NO,Nox, CO,C02 

8MLPV52 10:18 HC,NO,Nox, CO,C02 

8MLPV53 11:37 HC,NO,Nox, CO,C02 

8MLPV54 13:56 HC,NO,Nox, CO,C02 

8MLPV55 10:10 HC,NO,Nox, CO,C02 

8MLPV56 12:11 HC,NO,Nox, CO,C02 

8MLPV57 13:43 HC,NO,Nox, CO,C02 

8MLPV58 14:23 HC,NO,Nox, CO,C02 



Proposed Test Matrix 

--~~~.........:-.~ -~- - _..::::....-...._--!...~--- - - - -- ~ .... _-- - - -- -- - - - --~- - - ---~ - - - - - - ~_->... - _-->. .... ' _.. - !- - -'------- - - -
_ ~ __~___ _ ~ __ ~...J__ ___ ~ _---..;~_ 

1 1 Viscon Additive 

Viscon Additive 

Viscon Additive 

Viscon Additive 

Viscon Additive 

Sample** 

1 2 

2 3 Carbonyls 

2 4 Carbonyls Sample 

2 5 Carbonyls Sample 

3 6 Viscon Additive 
Viscon Additive 

Viscon Additive 

Viscon Additive 

Viscon Additive 

Viscon Additive 
Viscon Additive 

Sample** 

3 7 

3 8 

4 9 vec's 

4 10 vec's Sample 

4 11 vec's Sample 
4 12 vec's Sample 

** Tunnel blank will be run before first test is conducted 



TOXles
 
Format for Reporting Emissions Test Data for Each Emissions Test Run for the Post-Durability Test
 

9 (8MLPV58) 
va's 

Mode 1 

Mode 2 

Mode 3 
Visean 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

10 (8MLPV59) 
vac's 

Mode 1 

Mode 2 

Mode 3 
Visean 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

11 (8MLPV60) 
vac's 

Mode 1 

Mode 2 

Mode 3 
Visean 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

12 (8MLPV61) 
vac's 

Mode 1 

Mode 2 

Mode 3 
Visean 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

12120/2007 2:25 PM 2:28 PM 0:03 N/A 
12120/2007 2:31 PM 2:34 PM 0:03 N/A 
12120/2007 2:36 PM 2:39 PM 0:03 N/A 
12120/2007 2:43 PM 2:45 PM 0:02 N/A 
12120/2007 2:49PM 2:51 PM 0:02 N/A 
12120/2007 2:54 PM 2:56 PM 0:02 N/A 
12120/2007 3:00 PM 3:02 PM 0:02 N/A 
12120/2007 3:04 PM 3:07 PM 0:03 N/A 

12120/2007 3:54 PM 3:57 PM 0:03 N/A 
12120/2007 4:00 PM 4:03 PM 0:03 N/A 
12120/2007 4:05 PM 4:08 PM 0:03 N/A 
12/20/2007 4:12 PM 4:14 PM 0:02 N/A 
1212012007 4:17 PM 4:19 PM 0:02 N/A 
12120/2007 4:22 PM 4:24 PM 0:02 N/A 
12120/2007 4:28 PM 4:30 PM 0:02 N/A 
12120/2007 4:32 PM 4:35 PM 0:03 N/A 

r--- - - ~ r-------;r--~--~--,r----- !-----~ 

t _ _ I 1 f. .. . .:~, t ., t l 

12/20/2007 6:33 PM 6:36 PM 0:03 N/A 
12/20/2007 6:38 PM 6:41 PM 0:03 N/A 
1212012007 6:44 PM 6:47 PM 0:03 N/A 
12120/2007 6:50 PM 6:52 PM 0:02 N/A 
12120/2007 6:56 PM 6:58 PM 0:02 N/A 
12/20/2007 7:01 PM 7:03 PM 0:02 N/A 
1212012007 7:07 PM 7:09 PM 0:02 N/A 
12120/2007 7:11 PM 7:14 PM 0:03 N/A

f-  ----.---. ---, -.  ~-..--.r_----- --, ----!--·~--------r-- -----, 
r i ,t 'r I .
I·. ! . : ~ -j l ' . .: l ,J 

12/20/2007 8:38 PM 8:41 PM 0:03 N/A 
1212012007 8:44 PM 8:47 PM 0:03 N/A 
12120/2007 8:49PM 8:52 PM 0:03 N/A 
12120/2007 8:56 PM 8:58 PM 0:02 N/A 
12120/2007 9:01 PM 9:03 PM 0:02 N/A 
12120/2007 9:07 PM 9:09 PM 0:02 N/A 
12120/2007 9:12 PM 9:14 PM 0:02 N/A 
12120/2007 9:16 PM 9:19 PM 0:03 N/A 



TaXies
 
Format for Reporting Emissions Test Data for Each Emissions Test Run for the Post-Durability Test
 

3 (8MLPV52) 
arbon s 

Viscon 

Viscon 

Viscon 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

4 (8MLPV53) 
Carbon Is 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

5 (8MLPV54) 
arbon Is 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 

Mode 6 

Mode? 

Mode 8 

12111/2007 10:20 AM 10:23 AM 0:03 1 Umin 
12111/2007 10:25 AM 10:28 AM 0:03 1 Umin 
12111/2007 10:31 AM 10:34 AM 0:03 1 Umin 
12111/2007 10:37 AM 10:39 AM 0:02 1 Umin 
12111/2007 10:43 AM 10:45 AM 0:02 1 Umin 
12111/2007 10:48 AM 10:50 AM 0:02 1 Umin 
12111/2007 10:54 AM 10:56 AM 0:02 1 Umin 
12111/2007 10:59 AM 11:02 AM 0:03 1 Umin 

r-----  r---------~r'~--- ~ --,--.--~ r-----..-., 

r 
' , "I. ,',

. 'f, r • •- . . ~ .. . 
12111/2007 11:39 AM 11:42 AM 0:03 1 Umin 
12111/2007 11:45 AM 11:48 AM 0:03 1 Umin 
12111/2007 11:51 AM 11:54 AM 0:03 1 Umin 
12111/2007 11:57 AM 11:59 AM 0:02 1 Umin 
12/11/2007 12:02 PM 12:04 PM 0:02 1 Umin 
1211112007 12:07 PM 12:09 PM 0:02 1 Umin 
12111/2007 12:12 PM 12:14 PM 0:02 1 Umin 
12111/2007 12:17 PM 12:20 PM 0:03 1 Umin 

r·~-·~.~ r--~~--~.·.;[~._- - ~ - l" - ..~ ~-~ r"~-  ..~ 

t. •. __.... ' .... ,. L.· ...' .. ': J ~:'. . f, .. 
12111/2007 1:58 PM 2:01 PM 0:03 1 Umin 
12111/2007 2:03 PM 2:06 PM 0:03 1 Umin 
12111/2007 2:09 PM 2:12 PM 0:03 1 Umin 
12111/2007 2:16 PM 2:18 PM 0:02 1 Umin 
12111/2007 2:22 PM 2:24 PM 0:02 1 Umin 
12111/2007 2:28 PM 2:30 PM 0:02 1 Umin 
12111/2007 2:33 PM 2:35 PM 0:02 1 Umin 
12111/2007 2:37 PM 2:40PM 0:03 1 Umin 



- -

-----

- .," 

Mode 1
 9:17
 
Mode 2
 9:23
 
Mode 3
 9:28
 
Mode 4
 9:33
 
Mode 5
 9:39
 
Mode 6
 9:44
 
Mode?
 9:50
 
ModeS
 9:55
 

0:03
 
0:03 
0:03 
0:02 
0:02 
0:02 
0:02 
0:03 

~ ~--

~ 

0:03 
0:03 
0:03 
0:02 
0:02 
0:02 
0:02 
0:03 

0:03 
0:03 
0:03 
0:02 
0:02 
0:02 
0:02 
0:03 

0:03 
0:03 
0:03 
0:02 
0:02 
0:02 
0:02 
0:03 

0:03 
0:03 
0:03 
0:02 
0:02 
0:02 
0:02 
0:03 

PM 
Format for Reporting Emissions Test Data for the Post-Durability Test 

-"- . - -'. .. - 

r~i~'~~j~t~l:':4;-~ __ :,'~;;-'---1~ - ;' \-~'';. 

r:1(:rl;~·,t·x.·f: r:;::,;'":"~··-' r- -- .
r;:? .... ,Io7" :..:.:..~L-· .. ~" , ,"". 

1.088 
0.868 
0.682 
0.441 
0.859 
0.671 
0.567 
0.137 

r-~ 

• 
.--- ---. , 

1.088 
0.868 
0.682 
0.441 
0.859 
0.671 
0.567 
0.137 

1.088 
0.868 
0.682 
0.441 
0.859 
0.671 
0.567 
0.137 

1.088 
0.868 
0.682 
0.441 
0.859 
0.671 
0.567 
0.137 

1.088 
0.868 
0.682 
0.441 
0.859 
0.671 
0.567 
0.137 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 

Mode 6 

Mode? 

ModeS 

11:54 
12:00 
12:05 
12:11 
12:16 
12:22 
12:27 
12:32 

Mode 1 10:18 
. Mode 2 10:23 

Mode 3 10:29 
Mode 4 10:34 
Mode 5 10:40 
Mode 6 10:45 
Mode? 10:51 
ModeS 10:57 

Mode 1 13:56 
Mode 2 14:56 
Mode 3 15:56 
Mode 4 16:56 
Mode 5 17:56 
Mode 6 18:56 
Mode? 19:56 
ModeS 20:56 

"_~":"""'.ru!."~""~'.""':.i04I-""'''!"';_.'"1.,___~.'''____.''' 

~ 
9:22 
9:28 
9:33 
9:38 
9:44 
9:49 
9:55 
10:00--I' - - -- 

11:59 
12:05 
12:10 
12:16 
12:21 
12:27 
12:32 
12:37 

10:23 
10:28 
10:34 
10:39 
10:45 
10:50 
10:56 
11:02 

11:42 
11:48 
11:54 
11:59 
12:04 
12:09 
12:14 
12:20 

14:01 
15:01 
16:01 
17:01 
18:01 
19:01 
20:01 
21:01 

I --",~. 

0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 

-- r- ----- -
t 

0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 

0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 

0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 

Mode 6 

Mode? 

ModeS 

11:37 
11:43 
11:49 
11:54 
11:59 
12:04 
12:09 
12:15 

0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 
0:05 



T _._ 

- ---- r-'- - _. - -,

r:i;~/: ;:'-:;i -,- f' c::~_<.~,: -: -- [' . I
[ 

l 

Mode 1 10:10 1.08810:15 0:05 0:03 
Mode 2 10:16 0.86810:21 0:05 0:03 
Mode 3 10:21 10:26 0.6820:05 0:03 
Mode 4 0.44110:26 10:31 0:05 0:02 
ModeS 10:32 10:37 0:05 0:02 0.859 
Mode 6 0.67110:38 10:43 0:05 0:02 
Mode 7 10:43 10:48 0:05 0:02 0.567 
Mode 8 10:49 10:54 0:05 0:03 0.137 

FJR.J~~·Eh7; ~ -",~';'f2j}r -~ [:~~ -~~ ~-_~_.~~,~,:~~ [~'~~:~.-~ .~,-- - -- .--- ---',-- -- ----'j 
Made 1 12:11 12:16 1.0880:05 0:03 
Mode 2 12:17 12:22 0:05 0:03 0.868 
Mode 3 0,68212:22 12:27 0:05 0:03 
Mode 4 12:27 12:32 0:05 0:02 0.441 
ModeS 12:33 12:38 0:02 0.8590:05 
Mode 6 12:39 12:44 0:02 0.6710:05 
Mode 7 12:44 12:49 0:05 0.5670:02 
Mode 8 12:50 12:55 0:05 0:03 0.137 

- - -- .... -- ,..,...--~- -----.--.~- ....-
r~lV,,!J}'\~~tj ~, '\-.2N~!fif- - ['-- '-----r.-.-----~-·-;r-~------r----- , 
" ~ _ ~. __ L: _ _ ~L' _. _. _ 

Mode 1 13:43 13:48 0:05 0:03 1.088 
Mode 2 0:03 0.86814:43 14:48 0:05 
Made 3 15:43 0.68215:48 0:05 0:03 
Mode 4 0.44116:43 16:48 0:05 0:02 
ModeS 17:43 0:02 0.85917:48 0:05 
Mode 6 0.67118:43 18:48 0:020:05 
Mode 7 19:43 19:48 0:05 0:02 0.567 
Mode 8 20:43 20:48 0:05 0:03 0.137 

r~~'1 ~?J n~--r--~-'-~~~-~~~ ~~~-~~r~--=-~~~.~-·.~~~-~-· ~-~~~~-.--~---.....,........-~~,
-.-. 
Mode 1 1.08814:23 14:28 0:05 0:03 
Mode 2 15:23 15:28 0:05 0:03 0.868 
Mode 3 16:23 16:28 0:05 0:03 0.682 
Mode 4 17:23 17:28 0.4410:05 0:02 
ModeS 18:23 18:28 0:05 0:02 0.859 
Mode 6 19:23 19:28 0:05 0:02 0.671 
Mode 7 0.56720:23 20:28 0:05 0:02 
Mode 8 21:23 0.13721:28 0:05 0:03 

1 
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8-Mode Test Results 

CAT. 3306 

Mode 
EngSpd 

RPM 
DynTrq 

lboft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

12-10-07 TEST# 8MLPV48 
8-MODE STEADY-5TATE 

W/ARCO-VISCON BLEND DIESEL FUEL. 
HC FlO FUEL RT AirMas EngExh ABSHUM Air In 

ppm GMiMIN scfm degiF GRilB degF 
Baro P 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OUP 
psig 

Humldy 
% 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
742.6 

567.6 
469.2 
315.1 
62.0 

699.4 
577.8 
382.5 

1.1 

237.8 
196.5 
132.0 
26.0 

186.4 
154.0 
101.9 

0.1 

6.22 
5.96 
5.33 
3.31 
8.02 
7.78 
6.98 
2.98 

178.93 
141.44 
158.09 
253.41 
847.79 
576.69 
197.28 
222.24 

739.30 
690.35 
579.13 
225.70 
923.51 
938.90 
889.02 
248.01 

679.06 
635.62 
522.53 
188.41 
860.02 
879.17 
841.00 
231.59 

425.48 
435.49 
581.07 
851.76 
311.80 
313.13 
497.48 
789.88 

679 
563.5 

405 
167 
491 
407 

273.5 
20.25 

489.9 
434.9 
359.1 
270.0 
256.3 
224.7 
180.9 
78.6 

895.0 
842.8 
742.8 
500.7 
964.9 
924.8 
772.1 
414.4 

24.4 
24.2 
23.9 
23.8 
24.1 
23.9 
24.0 
23.4 

76.9 
77.0 
76.4 
75.3 
74.6 
75.4 
76.0 
75.8 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.0291599 
0.0279666 
0.0252237 
0.0160992 
0.0374844 
0.036288 

0.0326355 
0.0145246 

653.37 
609.75 
511.21 
199.20 
815.59 
828.78 
784.99 
218.70 

84.9 
87.7 
89.9 
91.4 
96.4 
98.1 
97.4 
95.2 

600.1 
561.4 
461.3 
166.3 
759.5 
776.1 
742.6 
204.2 

1.62 
1.85 
2.62 
4.58 
3.41 
3.96 
5.15 

18.96 

423.9 
433.6 
578.5 
847.2 
308.4 
309.2 
492.3 
770.9 

59.5 
59.9 
61.4 
63.7 
51.7 
52.6 
53.8 
28.9 

18.1 
17.9 
18.0 
18.6 
19.3 
18.6 
18.4 
18.0 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

----

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

278.36 
246.81 
263.18 
251.55 
113.87 
98.01 

116.75 
31.40 

235.29 
161.13 
143.92 
150.43 
622.35 
362.82 
93.07 
17.76 

1411.54 
1141.18 
784.61 
194.27 
983.61 
856.63 
608.37 

28.71 

1291.308 
1048.483 
692.1438 
165.4887 
913.9778 
801.175 

577.3467 
27.49248 

40740 
33810 
24300 
10020 
29460 
24420 
18410 
1215 

1442737 
1246927 
990968 
634530 
818094 
699668 
520963 
85146 

128447.04 
106601.52 
76301.75 
30867.85 
92448.47 
76861.49 
51726.30 
3740.90 

277.3 
245.8 
262.0 
250.2 
112.6 
96.8 

115.6 
30.7 

0.08 
'0.08 
0.10 
0.17 
0.07 
0.06 
0.05 
0.07 

WTDAVG BHpa: 131.80 K'N= 98.28 

WTOAVG GMiH a 

AVG GM/BHPH z 

AVG GMlKVVH • 

HC 

180.98 

1.37 

1.84 

CO 

206.58 

1.57 

2.10 

KNOX 

766.19 

5.81 

7.80 

KNO 

705 

5.35 

7.17 

FUEL 

23041 

174.82 

234.44 

EXHAUST 

832192 

CO2 

72454 

549.74 

737.22 

NMHC 

179.88 

1.36 

1.83 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE = 

PARTie. WT, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.95 
1.087 

180.00 
0.196 
65.16 

5054.9 
24.65 

0.15 
2 

0.64 
0.868 

180.00 
0.156 
65.30 

5066.1 
20.75 

0.15 
3 

0.51 
0.682 

180.00 
0.123 
65.34 

5069.0 
20.89 

0.10 
4 

0.43 
0.441 

120.00 
0.053 
65.36 

5070.5 
41.39 

0.10 
5 

1.28 
0.859 

120.00 
0.103 
65.20 

5058.0 
62.81 

0.10 
6 

0.52 
0.671 

120.00 
0.081 
65.21 

5059.3 
32.36 

0.10 
7 

0.08 
0.567 

120.00 
0.068 
65.26 

5063.1 
5.95 

0.15 
8 

0.07 
0.137 

180.00 
0.025 
65.31 

5066.7 
14.38 

WT AVG N02lNOX RATIO = 0.083863578 

GM/BHPHz 

WTD AVG GM/H. 

0.104 

26.352 

0.106 0.158 1.595 0.337 0.210 0.058 

WEIGHTED AVG GM/BHPH a: 0.200 

WTD AVG GM/KWH = 0.268 

8-Mode Test Result Ver.1 212003 Approved _ 



~Mode Test Results 

CAT. 3306
 
12-10-07 TEST# 8MLPV49
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL. 

Mode 
EngSpd 

RPM 
DynTrq 

lbon 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AirMas 
scfm 

EngExh 
deglF 

ABSHUM 
GR/lB 

Air In 
degF 

BaroP 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OIlP 
psig 

Humldy 
% 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
731.1 

551.9 
469.5 
315.3 

62.0 
893.8 
578.0 
382.1 

0.9 

231.2 
196.7 
132.1 
26.0 

184.9 
154.1 
101.9 

0.1 

6.05 
5.87 
5.28 
3.24 
7.97 
7.78 
6.98 
3.03 

170.01 
141.67 
161.32 
265.93 
845.92 
600.92 
206.00 
268.13 

708.13 
685.42 
574.44 
233.41 
911.53 
930.07 
889.41 
275.61 

652.33 
634.02 
519.57 
192.97 
855.64 
880.63 
840.13 
238.48 

427.34 
430.05 
585.06 
851.13 
318.39 
328.86 
498.33 
856.11 

660 
568 

406.5 
167 
489 

407.5 
273.5 
20.25 

483.1 
439.3 
360.0 
272.0 
254.7 
222.2 
178.7 
76.7 

884.9 
842.5 
742.7 
499.9 
964.8 
928.7 
775.5 
351.7 

20.6 
20.4 
20.0 
19.8 
19.8 
19.5 
19.2 
19.0 

n.8 
78.7 
78.9 
78.3 
78.0 
78.7 
78.9 
78.7 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.0283996 
0.0275966 
0.0249818 
0.0157903 
0.0372863 
0.0383133 
0.0325688 
0.0148152 

620.44 
600.17 
502.63 
204.11 
797.05 
812.84 
776.76 
240.56 

101.4 
101.7 
101.4 
100.6 
103.3 
104.3 
103.6 
100.5 

571.6 
555.2 
454.6 
168.7 
748.2 
769.6 
733.7 
208.1 

1.6 
1.9 
2.6 
4.8 
3.7 
4.3 
5.5 

21.7 

425.8 
428.1 
582.5 
846.4 
312.7 
322.6 
490.8 
834.4 

59.9 
60.0 
61.3 
63.6 
51.8 
52.5 
54.1 
28.4 

14.9 
14.2 
13.9 
14.0 
14.2 
13.6 
13.3 
13.3 

WT.FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

---- 

FUEL EXHAUST CO2 NMHC 
N02INOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

279.23 
249.06 
268.61 
256.37 
115.71 
102.38 
116.73 
33.36 

223.29 
164.91 
148.87 
181.00 
621.86 
378.27 

97.38 
21.00 

1338.74 
1147.79 
762.05 
203.02 
962.61 
840.62 
603.27 

30.95 

1228.579 
1059.238 
691.5852 
171.3416 
901.6584 

795.115 
571.6519 
27.51381 

39600 
34080 
24390 
10020 
29340 
24450 
16410 

1215 

1438095 
1272606 
1003496 
646381 
818445 
699836 
521650 

83447 

124833.95 
107448.03 
76563.34 
30838.05 
92061.41 
76918.97 
51719.58 
3729.61 

278.21 
247.98 
267.43 
254.97 
114.37 
101.03 
115.44 
32.54 

0.08 
0.08 
0.10 
0.17 
0.06 
0.05 
0.06 
0.13 

WTDAVG BHP== 130.69 KW== 97.46 

WTO AVG GM/H :I: 

AVG GM/BHPH =: 

AVGGMlKWH= 

HC 

183.86 

1.41 

1.88 

CO 

209.56 

1.60 

2.15 

KNOX 

752.88 

5.76 

7.73 

KNO 

695 

5.32 

7.13 

FUEL 

22915 

175.33 

235.12 

EXHAUST 

838258 

CO2 

72040 

551.21 

739.18 

NMHC 

182.50 

1.40 

1.87 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE = 

PARTie. wr, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.98 
1.087 

180.00 
0.196 
65.11 

5051.6 
25.2503 

0.15 
2 

0.63 
0.868 

180.00 
0.156 
65.21 

5058.9 
20.2368 

0.15 
3 

0.54 
0.682 

180.00 
0.123 
65.32 

5067.4 
22.2904 

0.10 
4 

0.46 
0.441 

120.00 
0.053 
65.37 

5071.2 
44.081 

0.10 
5 

1.36 
0.859 

120.00 
0.103 
65.18 

5056.3 
66.7114 

0.10 
6 

0.53 
0.671 

120.00 
0.081 
65.21 

5058.8 
33.2984 

0.10 
7 

0.08 
0.567 

120.00 
0.068 
65.24 

5061.1 
5.95069 

0.15 
8 

0.02 
0.137 

180.00 
0.025 
65.31 

5067.0 
4.10953 

WT AVG N02lNOX RATIO = 0.091919937 

GM/BHPH== 

WTD AVO oMlH • 

0.109 

25.787 

0.103 0.169 1.697 0.361 0.216 0.058 

WEIGHTED AVO oMlBHPH • 0.197 

WTD AVG GM/KWH • 0.265 

Approved _~Mode Test Result Ver.1 212003 



8-Mode Test Results 

CAT. 3306 
12-10-07 TEST# 8MLPV50
 
8-MODE STEADY-5TATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

lboft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AlrMas 
scfm 

EngExh 
degiF 

ABSHUM 
GRILB 

Air In 
degF 

BaroP 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OIlP 
pslg 

Humldy 
% 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1399.9 
1400.0 
735.5 

550.0 
469.6 
314.8 
62.1 

691.9 
578.3 
382.7 

1.0 

230.4 
196.7 
131.9 
26.0 

184.4 
154.1 
102.0 

0.1 

6.00 
5.82 
5.21 
3.13 
7.82 
7.61 
6.78 
2.49 

161.98 
144.43 
171.29 
265.12 
886.24 
631.81 
208.97 
278.34 

717.18 
688.20 
584.36 
233.78 
955.40 
975.20 
933.02 
280.68 

860.45 
633.21 
522.07 
188.36 
875.65 
897.35 
857.71 
221.39 

405.61 
429.90 
595.17 
898.53 
316.99 
318.50 
518.83 
792.43 

657 
568 
407 
168 
489 
408 
247 

19.75 

484.8 
426.9 
355.1 
267.3 
248.3 
220.9 
178.8 
76.6 

884.7 
849.1 
754.1 
511.9 
977.5 
944.7 
790.1 
386.5 

19.3 
20.5 
20.2 
20.0 
20.4 
20.0 
19.8 
19.5 

75.9 
79.6 
82.0 
81.6 
81.8 
82.0 
81.8 
81.2 

30.20 0.0281469 
30.20 0.027338 
30.20 .0.0246565 
30.20 0.0152883 
30.20 0.036633 
30.20 0.0355615 
30.20 0.0317783 
30.20 0.0122925 

626.45 
602.80 
511.49 
204.55 
836.86 
853.14 
815.86 
245.27 

98.0 
98.9 
98.6 
97.9 
96.4 
96.3 
95.8 
95.5 

576.9 
554.6 
457.0 
164.8 
766.8 
785.0 
750.0 
193.5 

1.46 
1.76 
2.64 
4.67 
3.66 
4.34 
5.33 

19.83 

404.15 
428.14 
592.54 
893.86 
313.33 
314.15 
513.50 
772.60 

59.5 
59.8 
61.1 
63.5 
51.4 
52.3 
53.7 
28.6 

14.8 
13.9 
12.7 
12.7 
12.9 
12.5 
12.5 
12.5 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

---- 

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

286.26 
251.39 
277.30 
281.36 
118.08 
102.05 
113.03 
36.38 

213.73 
169.76 
160.41 
166.87 
648.58 
406.93 

91.51 
25.68 

1357.94 
1164.03 
786.94 
211.51 

1029.14 
902.73 
586.95 

37.18 

1245.351 
1068.51 

705.5693 
174.3485 
941.1925 
829.7013 
541.7205 

30.2257 

39420 
34080 
24420 
10080 
29340 
24480 
14820 

1185 

1443793 
1284352 
1017685 
671296 
832593 
714829 
482494 

97853 

124316.92 
107433.06 
78613.30 
30938.91 
92011.96 
76970.43 
46678.73 

3617.20 

265.30 
250.37 
276.08 
279.94 
116.72 
100.67 
111.88 
35.50 

0.08 
0.08 
0.11 
0.19 
0.08 
0.08 
0.08 
0.21 

WTDAVG BHP= 130.52 K'N= 97.33 

WTO AVG GMiH = 

AVG GM/BHPH = 

AVO OM/KWH s 

HC 

186.15 

1.43 

1.91 

CO 

216.83 

1.66 

2.23 

KNOX 

774.95 

5.94 

7.96 

KNO 

706 

5.41 

7.26 

FUEL 

22738 

174.21 

233.62 

EXHAUST 

846674 

CO2 

71457 

547.48 

734.18 

NMHC 

185.01 

1.42 

1.90 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE= 

PARTie. WT, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

1.01 
1.087 

180 
0.196 
65.06 

5047.6 
26.06 

0.15 
2 

0.68 
0.868 

180 
0.156 
65.21 

5059.4 
22.02 

0.15 
3 

0.49 
0.682 

180 
0.123 
65.31 

5066.7 
20.22 

0.10 
4 

0.44 
0.441 

120 
0.053 
65.38 

5072.5 
42.27 

0.10 
5 

1.50 
0.859 

120 
0.103 
65.21 

5058.9 
73.62 

0.10 
6 

0.51 
0.671 

120 
0.081 
65.24 

5061.0 
32.06 

0.10 
7 

0.04 
0.567 

120 
0.068 
65.24 

5061.3 
2.98 

0.15 
8 

0.00 
0.137 

180 
0.025 
65.34 

5069.2 
0.00 

WT AVO N02lNOX RATIO = 0.115355213 

GM/BHPH= 0.102 

WTD AVG GM/H = 26.1352 

0.097 0.137 1.385 0.357 0.211 0.095 

WEIGHTED AVG GM/BHPH = 0.199 

WTD AVG GM/K'NH = 0.267 

8-Mode Test Result Ver.1 212003 Approved _ 



S-Mode Test Results 

CAT. 3306
 
12-10-07 TEST# 8MLPV51
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL. 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GMiMIN 

AirMas 
scfm 

EngExh 
deglF 

ABSHUM 
GRllB 

Air In 
degF 

Baro P 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OIlP 
psig 

Humidy 
0/0 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
725.0 

541.7 
469.7 
315.0 
61.8 

688.8 
577.8 
382.3 

10.2 

226.9 
196.7 
131.9 
25.9 

183.7 
154.0 
101.9 

1.4 

6.06 
5.84 
5.22 
3.15 
7.87 
7.64 
6.78 
2.88 

188.99 
160.96 
173.60 
265.85 
847.85 
622.65 
222.36 
283.52 

735.42 
696.00 
580.32 
224.79 
931.31 
945.33 
895.63 
327.26 

668.96 
643.03 
526.50 
186.93 
860.98 
873.77 
829.80 
276.98 

425.75 
442.75 
595.65 
868.49 
302.15 
302.62 
503.62 
778.55 

654 
569 
407 
169 
526 
408 
276 

22 

477.2 
437.4 
381.3 
276.0 
256.4 
225.9 
183.9 
77.1 

904.5 
861.3 
757.3 
511.6 
977.4 
945.6 
790.1 
364.2 

32.0 
35.4 
37.6 
38.4 
43.2 
45.7 
44.4 
40.6 

102.9 
103.7 
103.4 
101.9 
103.6 
104.8 
103.3 
101.2 

30.20 0.0284459 
30.20 0.0274577 
30.20 0.0247302 
30.20 0.0153957 
30.20 0.0368308 
30.20 0.0356844 
30.20 0.0317537 
30.20 0.0140805 

661.41 
631.07 
528.88 
205.24 
860.13 
878.35 
829.54 
300.40 

102.9 
103.7 
103.4 
101.9 
103.6 
104.8 
103.3 
101.2 

601.6 
583.0 
479.8 
170.7 
795.2 
811.9 
768.6 
254.3 

1.56 
1.78 
2.71 
4.73 
3.54 
4.12 
5.29 

20.51 

424.18 
440.97 
592.93 
863.76 
298.61 
298.50 
498.33 
758.04 

59.1 
59.2 
61.0 
63.2 
51.0 
51.9 
53.5 
26.9 

10.4 
11.3 
12.1 
12.9 
13.7 
14.0 
14.2 
13.9 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

---- 

FUEL EXHAUST CO2 • NMHC 
N02INOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

275.21 
258.21 
276.67 
271.62 
120.39 
96.62 

122.70 
34.70 

245.55 
188.69 
162.08 
167.13 
679.02 
399.59 
108.89 
25.40 

1411.84 
1215.33 
811.23 
211.96 

1131.69 
926.06 
667.39 

44.21 

1279.497 
1120.446 
738.6269 
180.1131 
1043.298 
854.7894 
620.4005 
38.39127 

39240 
34140 
24420 
10140 
31560 
24480 
16560 
1320 

1425001 
1283800 
1017181 
672373 
893735 
714970 
541379 
95610 

123665.63 
107572.80 
76612.65 
31160.27 
99024.22 
76999.14 
52160.19 
4052.73 

274.2 
257.2 
275.4 
270.2 
119.0 
95.3 

121.4 
33.8 

0.09 
0.08 
0.09 
0.17 
0.08 
0.08 
0.07 
0.15 

WTO AVG BHP = 130.09 KW= 97.01 

WTO AVG GMIH • 

AVG GM/BHPH = 

Ava GMlKVVH • 

HC 

187.85 

1.44 

1.94 

CO 

228.72 

1.76 

2.36 

KNOX 

816.10 

6.27 

8.41 

KNO 

746 

5.74 

7.69 

FUEL 

23142 

177.89 

238.56 

EXHAUST 

855485 

CO2 

72720 

558.99 

749.62 

NMHC 

186.68 

1.43 

1.92 

W.F: W.F. 
0.15 MODE = 
0.15 PARTie. Wf, MG = 
0.15 GP (g/Sec.)= 
0.10 Sample Time (Sec.)= 
0.10 mSEP (kg)= 
0.10 Dilution Tunnel Total Flow (scmm)= 
0.10 qmedf (kg/Hr.)= 
0.15 qmPT (g/Hr.)= 

0.15 
1 

0.98 
1.087 

180.00 
0.196 
65.06 

5047.5 
25.2298 

0.15 
2 

0.70 
0.868 

180.00 
0.156 
65.25 

5062.0 
22.7765 

0.15 
3 

0.53 
0.682 

180.00 
0.123 
65.32 

5067.3 
21.671 

0.10 
4 

0.45 
0.441 

120.00 
0.053 
65.31 

5066.8 
43.0849 

0.10 
5 

1.33 
0.859 

120.00 
0.103 
65.20 

5058.0 
65.2613 

0.10 
6 

0.55 
0.671 

120.00 
0.081 
65.23 

5060.2 
34.3131 

0.10 
7 

0.08 
0.567 

120.00 
0.068 
65.23 

5060.4 
5.94989 

0.15 
8 

0.07 
0.137 

180.00 
0.025 
65.30 

5065.6 
14.3792 

WT Ava N02lNOX RATIO • 0.10124061 

GM/BHPH 0.111 

WTD AVG GM/H - 27.4694 

0.116 0.164 1.665 0.355 0.223 0.058 

WEIGHTED AVG GM/BHPH - 0.211 

WTDAVG GM/KWH 0.283 

8-Mode Test Result Ver.1 212003 Approved _ 



8-Mode Test Results 

CAT. 3306 
12-11-07 TEST# 8MLPV52
 
8-MODE STEADY-5TATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-n 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AirMas 
scfm 

EngExh 
deglF 

ABSHUM 
GR/LB 

Air In 
degF 

Bam P 
InHga 

f/aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OilP 
pslg 

Humidy 
0/0 

1 • 

2 
3 
4 
5 
6 
7 
8 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
725.0 

569.8 
469.9 
314.4 
62.4 

696.3 
578.1 
382.8 

1.2 

238.7 
196.8 
131.7 
26.1 

185.6 
154.1 
102.1 

0.2 

6.06 
5.83 
5.24 
3.19 
7.90 
7.70 
6.82 
2.90 

183.64 
142.02 
152.34 
237.67 
855.17 
598.51 
184.19 
215.75 

717.26 
684.17 
579.83 
235.54 
967.76 
987.78 
938.21 
273.98 

680.71 
651.63 
534.83 
190.90 
881.95 
907.06 
859.92 
224.16 

440.93 
439.69 
576.82 
823.42 
308.16 
319.03 
506.19 
798.87 

679.5 
568 
406 

166.75 
497 

407.75 
274.5 

19 

485.2 
434.3 
357.3 
272.9 
256.1 
226.1 
1a5.7 
75.4 

911.2 
860.6 
759.0 
511.7 
984.5 
948.1 
789.5 
363.9 

21.2 
21.0 
21.3 
20.9 
20.8 
20.6 
20.4 
20.0 

83.5 
84.3 
83.7 
83.0 
82.3 
82.9 
82.9 
83.0 

30.20 0.0284794 
30.20 0.0273869 
30.20 0.0247701 
30.20 0.0155064 
30.20 0.0369823 
30.20 0.0359733 
30.20 0.0319152 
30.20 0.014131 

629.23 
600.00 
508.80 
206.48 
848.25 
865.32 
821.67 
239.73 

89.4 
92.0 
92.5 
92.5 
92.8 
93.7 
93.9 
93.8 

597.16 
571.47 
469.31 
167.34 
773.04 
794.61 
753.10 
196.13 

1.47 
1.81 
2.53 
4.44 
3.45 
4.00 
4.99 

18.77 

439.47 
437.88 
574.29 
818.98 
304.71 
315.03 
501.20 
780.11 

59.5 
59.6 
61.1 
63.5 
51.5 
52.1 
54.0 
27.6 

12.7 
12.3 
12.7 
12.7 
12.9 
12.5 
12.5 
12.2 

WT. FAC 
% 

Mode 
No HC CO 

-GRAMSIHOUR-

KNOX KNO 

----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

295.78 
256.65 
266.81 
252.23 
115.52 
100.95 
122.01 
30.64 

247.61 
166.63 
141.64 
146.34 
644.38 
380.68 
89.24 
16.63 

1393.85 1317.689 
1156.51 1099.113 
777.18 719.1762 
208.86 172.7211 

1050.07 954.7152 
904.19 829.3556 
654.01 601.4594 

30.36 25.50149 

40770 
34080 
24360 
10005 
29820 
24465 
16470 
1140 

1476665 
1282213 
1010797 
657143 
838550 
706552 
534033 
82045 

128468.16 
107421.38 
76484.88 
30824.39 
93554.71 
76967.42 
51906.73 
3506.30 

294.8 
255.6 
265.7 
250.9 
114.2 
99.7 

120.8 
29.9 

0.05 
0.05 
0.08 
0.19 
0.09 
0.08 
0.08 
0.18 

WTO AVG BHP = 131.89 KWz 98.35 

WTO AVG GM/H = 

AVG GM/BHPH = 

AVO GMIKWH = 

HC 

186.55 

1.41 

1.90 

CO 

211.94 

1.61 

2.15 

KNOX 

785.40 

5.95 

7.99 

KNO 

730 

5.54 

7.42 

FUEL EXHAUST 

23129 851386 

175.36 

235.16 

CO2 

72707 

551.25 

739.24 

NMHC 

185.46 

1.41 

1.89 

W.F. W.F. 
0.15 MODE = 
0.15 PARTie. WT, MG = 
0.15 GP (g/Sec.)= 
0.10 Sample Time (Sec.)= 
0.10 mSEP (kg)= 
0.10 Dilution Tunnel Total Flow (scmm)= 
0.10 qmedf (kg/Hr.)= 
0.15 qmPT (g/Hr.)= 

0.15 
1 

1.04 
1.087 

180 
0.196 
65.10 

5050.6 
26.78 

0.15 
2 

0.72 
0.868 

180 
0.156 
65.24 

5061.6 
23.39 

0.15 
3 

0.58 
0.682 

180 
0.123 
65.28 

5064.7 
23.80 

0.10 
4 

0.37 
0.441 

120 
0.053 
65.37 

5071.2 
35.86 

0.10 
5 

1.48 
0.859 

120 
0.103 
65.20 

5058.6 
72.64 

0.10 
6 

0.47 
0.671 

120 
0.081 
65.25 

5061.9 
29.48 

0.10 
7 

0.04 
0.567 

120 
0.068 
65.25 

5062.0 
3.03 

0.15 
8 

0.02 
0.137 

180 
0.025 
65.33 

5068.5 
4.65 

WT AVO N021NOX RATIO s 0.09803331 

GM/BHPH

WTD AVG GM/H. 

0.112 

25.8944 

0.119 0.181 1.372 0.391 0.191 0.030 

12127/200711:25 WEIGHTED AVG GM/BHPH :Ii: 0.196 

WTD AVG GM/KWH = 0.263 

Approved _8-Mode Test Result Ver.1 212003 



8-Mode Test Results 

CAT. 3306 
12-11-07 TEST# 8MLPV53
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

lbon 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AirMas 
scfm 

EngExh 
degiF 

ABSHUM 
GRilB 

Air In 
degF 

BaroP 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OilP 
pslg 

Humidy 
% 

2200.1 
2200.0 
2200.0 
2200.0 
1400.1 
1400.0 
1400.0 
725.1 

565.3 
469.5 
314.9 
62.2 

692.1 
577.9 
382.3 

1.5 

236.8 
196.7 
131.9 
26.1 

184.5 
154.0 
101.9 

0.2 

6.04 
5.87 
5.32 
3.23 
7.99 
7.80 
6.98 
3.33 

176.33 
147.18 
159.55 
245.48 
841.94 
603.41 
182.01 
189.57 

720.88 
695.97 
581.31 
230.67 
933.40 
941.69 
895.43 
285.70 

666.03 
640.05 
525.30 
188.09 
865.50 
883.56 
837.52 
231.43 

405.05 
441.88 
587.62 
849.94 
304.50 
301.04 
487.15 
768.10 

678.5 
571 

409.75 
169.75 

490 
406.75 

275 
20 

486.4 
436.4 
353.7 
274.6 
251.1 
224.1 
179.2 
74.9 

903.0 
857.1 
753.5 
509.3 
973.8 
939.9 
782.4 
356.0 

17.4 
17.1 
17.2 
15.9 
16.8 
17.0 
17.0 
16.9 

85.3 
85.4 
83.2 
80.9 
80.1 
80.3 
80.1 
80.0 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.0283456 
0.0275808 
0.0251564 
0.0157431 
0.0373823 
0.036386 

0.0326417 
0.0161197 

627.03 
604.97 
505.33 
199.96 
810.64 
818.26 
778.10 
248.22 

101.3 
100.4 
99.5 
98.5 

101.0 
102.3 
101.5 
99.4 

579.3 
556.4 
456.6 
163.1 
751.7 
767.8 
727.8 
201.1 

1.06 
0.11 
0.25 
1.13 
0.76 
0.84 
1.01 
4.48 

404.00 
441.77 
587.38 
848.81 
303.74 
300.21 
486.14 
763.61 

59.9 
59.8 
61.3 
63.4 
51.6 
52.3 
53.6 
27.5 

9.8 
9.7 

10.4 
10.4 
11.2 
11.3 
11.3 
11.3 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

---- 

FUEL EXHAUST CO2 NMHC 
N02INOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

272.61 
257.42 
270.02 
261.01 
111.29 
93.91 

114.93 
27.13 

238.54 
172.34 
147.37 
151.53 
618.53 
378.35 
86.31 
13.46 

1393.58 
1163.79 
766.79 
202.78 
978.39 
842.89 
606.20 
28.95 

1281.791 
1067.973 
695.1916 
168.7815 
905.144 
789.798 

568.7054 
23.97403 

40710 
34260 
24585 
10185 
29400 
24405 
16500 

1200 

1480491 
1279471 
1004268 
658606 
817751 
696758 
523216 
75823 

128364.58 
107982.99 
77182.07 
31361.55 
92271.61 
76802.31 
52029.18 

3713.38 

271.9 
257.4 
269.9 
260.7 
111.0 
93.6 

114.7 
27.0 

0.08 
0.08 
0.10 
0.18 
0.07 

.0.06 
0.06 
0.19 

wro AVG BHP:I: 131.48 KW= 98.05 

WTOAVG GWH· 

AVG GM/BHPH:I: 

AVG GMIKWH:I 

HC 

182.19 

1.39 

1.86 

CO 

209.23 

1.59 

2.13 

KNOX 

765.99 

5.83 

7.81 

KNO 

704 

5.35 

7.18 

FUEL 

23162 

176.16 

236.24 

EXHAUST 

845641 

CO2 

72833 

553.93 

742.83 

NMHC 

181.92 

1.38 

1.86 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE: 

PARTie. WT, MG : 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.86 
1.087 

180 
0.196 
65.09 

5050.0 
22.30 

0.15 
2 

0.63 
0.868 

180 
0.156 
65.19 

5057.1 
20.39 

0.15 
3 

0.50 
0.682 

180 
0.123 
65.27 

5064.0 
20.58 

0.10 
4 

0.31 
0.441 

120 
0.053 
65.34 

5068.8 
29.50 

0.10 
5 

1.44 
0.859 

120 
0.103 
65.20 

5057.9 
70.66 

0.10 
6 

0.55 
0.671 

120 
0.081 
65.22 

5059.9 
34.81 

0.10 
7 

0.09 
0.567 

120 
0.068 
65.25 

5062.0 
6.32 

0.15 
8 

0.06 
0.137 

180 
0.025 
65.25 

5062.1 
12.32 

WT AVG N02lNOX RATIO. 0.104786037 

GM/BHPH= 

WTOAVG GMiH. 

0.094 

25.4685 

0.104 0.156 1.132 0.383 0.226 0.062 

WEIGHTED AVG GMlBHPH • 0.194 

WTO AVG GM/KWH • 0.260 

Approved _8-Mode Test Result Ver.1 212003 



8-Mode Test Results 

CAT. 3306 
12-11-07 TEST# 8MLPV54
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

0/0 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AirMas 
scfm 

EngExh 
deglF 

ABSHUM 
GRllB 

Air In 
degF 

Bare P 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OIlP 
psig 

Humidy 
% 

2200.0 
2200.0 
2200.0 
2200.0 
1399.9 
1399.9 
1400.0 
725.0 

551.3 
470.1 
315.0 
61.9 

689.8 
578.0 
382.3 

0.8 

231.0 
196.9 
132.0 
25.9 

183.9 
154.1 
101.9 

0.1 

6.09 
5.90 
5.25 
3.14 
7.81 
7.61 
6.78 
2.70 

173.63 
149.19 
163.54 
246.35 
867.68 
615.82 
191.61 
209.74 

736.75 
708.80 
590.12 
234.90 
931.56 
948.22 
909.84 
297.55 

673.61 
646.78 
531.42 
191.72 
862.06 
883.17 
848.79 
244.27 

423.20 
444.44 
606.77 
836.91 
316.16 
313.67 
529.01 
928.39 

662.75 
569.75 
408.75 
167.25 
487.25 
409.25 
274.75 

19.75 

473.7 
438.4 
360.3 
277.2 
253.7 
221.8 
182.5 
76.4 

899.6 
855.8 
753.9 
510.8 
975.7 
943.7 
785.5 
360.5 

17.5 
17.0 
17.0 
16.8 
17.2 
16.7 
16.8 
16.5 

82.5 
83.2 
83.2 
82.5 
82.1 
82.2 
82.4 
81.9 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.0286016 
0.027702 

0.0248537 
0.0152831 
0.0365908 
0.0355835 
0.0317343 
0.0132694 

640.93 
615.89 
512.80 
204.02 
809.80 
823.36 
790.20 
258.27 

97.4 
97.8 
97.1 
96.6 
98.6 

100.3 
100.0 
98.5 

586.0 
562.0 
461.8 
166.5 
749.4 
766.9 
737.2 
212.0 

0.21 
0.04 
0.27 
1.01 
0.63 
0.61 
0.69 
4.66 

422.98 
444.40 
606.50 
835.90 
315.53 
313.06 
528.31 
923.73 

59.6 
59.9 
61.3 
63.5 
51.7 
52.6 
53.9 
27.8 

10.8 
10.3 
10.3 
10.4 
10.7 
10.4 
10.4 
10.4 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

275.66 
257.18 
281.61 
260.96 
117.49 
100.75 
128.38 
39.45 

227.33 
173.53 
152.56 
154.40 
648.11 
397.59 
93.47 
17.92 

1378.64 
1176.90 
785.92 
210.07 
993.73 
873.31 
633.26 

36.24 

1255.604 
1071.661 
710.3812 

175.066 
917.6115 
812.3941 
592.9746 
30.74658 

39765 
34185 
24525 
10035 
29235 
24555 
16485 
1185 

1433546 
1271205 
1013694 
668218 
830165 
716267 
537199 
90698 

125364.14 
107743.11 
76946.27 
30879.69 
91680.30 
77227.99 
51927.71 

3619.71 

275.5234018 
257.1600457 
281.4869418 
260.6480667 
117.2542028 
100.5532874 
128.2127571 
39.25928648 

0.09 
0.09 
0.10 
0.18 
0.07 
0.07 
0.07 
0.18 

WTDAVG BHP= 130.57 KW= 97.37 

WTO AVG GM/H = 

AVG GM/BHPH = 
AVGGMlKWH= 

HC 

188.84 

1.45 

1.94 

CO 

215.06 

1.65 

2.21 

KNOX 

777.69 

5.96 

7.99 

KNO 

710 

5.44 

7.29 

FUEL 

22980 

176.00 

236.02 

EXHAUST 

846556 

CO2 

72223 

553.13 

741.76 

NMHC 

188.68 

1.45 

1.94 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE = 

PARTie. WT, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.93 
1.087 

180 
0.196 
65.10 

5050.6 
24.04 

0.15 
2 

0.61 
0.868 

180 
0.156 
65.24 

5061.6 
19.80 

0.15 
3 

0.49 
0.682 

180 
0.123 
65.28 

5064.7 
20.25 

0.10 
4 

0.39 
0.441 

120 
0.053 
65.37 

5071.2 
37.55 

0.10 
5 

1.30 
0.859 

120 
0.103 
65.20 

5058.6 
64.02 

0.10 
6 

0.42 
0.671 

120 
0.081 
65.25 

5061.9 
26.28 

0.10 
7 

0.11 
0.567 

120 
0.068 
65.25 

5062.0 
8.08 

0.15 
8 

0.08 
0.137 

180 
0.025 
65.33 

5068.5 
15.95 

WT AVG N02lNOX RATIO • 0.107174765 

GM/BHPH

WTD AVG GM/H 

0.104 

25.5993 

0.101 0.153 1.449 0.348 0.171 0.079 

WEIGHTED AVG GM/BHPH  0.196 

WTD AVG GM/KWH = 0.263 

Approved _8-Mode Test Result Ver.1 212003 



8-Mode Test Resuhs 

CAT. 3306 
12-12-07 TEST# 8MLPV55
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GMIMIN 

AirMas 
scfm 

EngExh 
deglF 

ABSHUM 
GRILB 

Air In 
degF 

BaroP 
InHga 

flacAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OUP 
pslg 

Humldy 
0/0 

1 
2 
3 
4 
5 
6 
7 
8 

2200.0 
2200.0 
2200.0 
2200.0 
1399.9 
1400.0 
1400.1 
732.4 

552.0 
470.5 
315.0 
62.2 

695.9 
578.2 
381.5 

1.4 

231.2 
197.1 
132.0 
26.0 

185.5 
154.1 
101.7 

0.2 

5.96 
5.78 
5.14 
3.11 
7.81 
7.62 
6.70 
2.68 

162.61 
140.79 
162.01 
233.94 
820.07 
563.71 
193.93 
248.48 

709.48 
682.01 
568.46 
219.22 
915.24 
926.12 
867.33 
237.47 

661.17 
637.40 
518.35 
183.98 
862.83 
880.49 
826.96 
209.33 

413.92 
437.43 
592.99 
818.27 
308.28 
313.77 
506.31 
785.29 

659 
571 

407.75 
169 

489.25 
407 

271.5 
19.75 

481.5 
438.2 
361.1 
279.0 
257.1 
225.3 
181.3 
76.5 

892.0 
852.4 
753.0 
507.5 
971.3 
936.0 
778.9 
353.9 

17.0 
17.0 
17.1 
16.5 
17.0 
17.3 
17.3 
17.2 

82.9 
83.8 
83.6 
82.3 
80.0 
81.8 
82.6 
81.9 

30.40 0.0279684 
30.40 0.0271863 
30.40 0.0243651 
30.40 0.0151438 
30.40 0.0365406 
30.40 0.0356083 
30.40 0.0313744 
30.40 0.0131573 

616.45 
592.62 
494.06 
190.28 
795.25 
805.31 
754.12 
206.44 

93.2 
95.0 
96.3 
95.4 
97.0 

100.5 
100.8 
99.6 

574.5 
553.9 
450.5 
159.7 
749.7 
765.6 
719.0 
182.0 

0.33 
0.26 
0.48 
1.34 
0.84 
0.99 
1.47 
6.68 

413.6 
437.2 
592.5 
816.9 
307.4 
312.8 
504.8 
778.6 

59.8 
59.9 
61.3 
63.5 
51.7 
52.6 
54.0 
28.4 

10.4 
10.1 
10.3 
10.3 
11.5 
11.0 
10.7 
10.9 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

----- 

FUEL EXHAUST CO2 NMHC 
N02INOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

274.33 
258.62 
280.18 
260.21 
115.19 
100.15 
122.85 
33.65 

216.62 
167.31 
153.87 
149.53 
615.90 
361.66 
94.58 
21.40 

1349.14 
1157.01 
770.85 
199.82 
981.22 
848.81 
604.24 

29.21 

1252.177 
1078.86 

705.3963 
171.1491 
922.9173 
806.0137 
578.1242 
26.48005 

39540 
34260 
24465 
10140 
29355 
24420 
16290 

1185 

1456702 
1297512 
1031013 
681298 
834654 
711909 
536784 

91470 

124668.91 
107987.10 
76757.75 
31223.95 
92120.19 
76856.57 
51322.64 

3632.54 

274.1 
258.5 
280.0 
259.8 
114.9 
99.8 

122.5 
33.4 

0.07 
0.07 
0.09 
0.16 
0.06 
0.05 
0.05 
0.12 

WTO AVG BHP = 130.80 KW= 97.54 

WTO AVG GMIH • 

AVG GM/BHPH = 

AVG OMIKWH

HC 

186.86 

1.43 

1.92 

CO 

206.05 

1.58 

2.11 

KNOX 

759.34 

5.81 

7.79 

KNO 

707 

5.41 

7.25 

FUEL EXHAUST 

22938 857969 

175.37 

235.17 

CO2 

72109 

551.30 

739.30 

NMHC 

186.59 

1.43 

1.91 

W.F. W.F. 
0.15 MODE = 
0.15 PARTie. WT, MG = 
0.15 GP (g/Sec.)= 
0.10 Sample Time (Sec.)= 
0.10 mSEP (kg)= 
0.10 Dilution Tunnel Total Flow (scmm)= 
0.10 qmedf (kg/Hr.)= 
0.15 qmPT (g/Hr.)= 

0.15 
1 

0.97 
1.087 

180 
0.196 
65.07 

5047.9 
25.03 

0.15 
2 

0.70 
0.868 

180 
0.156 
65.18 

5057.0 
22.50 

0.15 
3 

0.53 
0.682 

180 
0.123 
65.31 

5067.0 
21.80 

0.10 
4 

0.41 
0.441 

120 
0.053 
65.38 

5072.2 
38.85 

0.10 
5 

1.30 
0.859 

120 
0.103 
65.17 

5056.3 
63.97 

0.10 
6 

0.49 
0.671 

120 
0.081 
65.21 

5058.8 
30.94 

0.10 
7 

0.08 
0.567 

120 
0.068 
65.22 

5059.4 
5.62 

0.15 
8 

0.03 
0.137 

180 
0.025 
65.30 

5065.7 
6.47 

WT AVO N02lNOX RATIO = 0.082405348 

GM/BHPH

WTO AVG GM/H = 

0.108 

25.3074 

0.114 0.165 1.492 0.345 0.201 0.055 

WEIGHTED AVG GM/BHPH = 0.193 

WTD AVG GM/KWH = 0.259 

8-Mode Test Resuh Ver.1 212003 Approved _ 



8-Mode Test Results 

CAT. 3306
 
12-12-07 TEST# 8MLPV56
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AlrMas 
scfm 

EngExh 
degiF 

ABSHUM 
GRiLB 

Air In 
degF 

Baro P 
InHga 

flaCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OUP 
psig 

Humidy 
% 

2200.1 
2199.9 
2199.9 
2200.0 
1400.2 
1400.2 
1400.1 
724.9 

551.0 
469.6 
313.7 
61.4 

691.6 
578.7 
380.7 

3.7 

230.8 
196.7 
131.4 
25.7 

184.4 
154.3 
101.5 

0.5 

5.98 
5.79 
5.12 
3.03 
7.74 
7.57 
6.58 
2.28 

157.61 
130.06 
154.52 
238.88 
777.53 
560.54 
181.76 
209.28 

708.02 
688.69 
572.18 
222.95 
924.13 
939.66 
880.58 
245.43 

654.04 
638.07 
519.71 
184.36 
862.82 
883.33 
830.46 
208.34 

434.71 
442.46 
604.64 
841.34 
310.46 
323.66 
521.07 
763.27 

664.75 
569.75 
408.25 
168.75 
488.25 
407.25 
273.25 

19.75 

477.9 
436.5 
363.8 
276.7 
259.0 
222.3 
184.9 
n.9 

895.9 
851.5 
749.9 
501.4 
980.8 
937.7 
775.9 
338.3 

17.0 
16.9 
16.7 
16.5 
16.7 
17.0 
16.7 
16.3 

84.1 
84.8 
84.4 
81.0 
79.8 
80.9 
81.6 
81.5 

30.40 
30.40 
30.40 
30.40 
30.40 
30.40 
30.40 
30.40 

0.0280926 
0.0272035 
0.0242641 
0.0148028 
0.0362248 
0.0353911 
0.0308679 
0.0112568 

615.18 
598.31 
496.89 
193.53 
802.47 
816.57 
764.74 
212.92 

95.2 
95.5 
95.4 
95.0 
98.0 

100.5 
100.4 
98.7 

568.29 
554.33 
451.33 
160.03 
749.24 
767.63 
721.21 
180.74 

0.00 
0.00 
0.01 
0.63 
0.31 
0.31 
0.32 
2.83 

434.71 
442.46 
604.64 
840.71 
310.14 
323.35 
520.75 
760.44 

59.8 
60.0 
61.4 
63.7 
51.6 
52.4 
54.0 
28.1 

10.0 
9.8 
9.8 

10.8 
11.3 
11.1 
10.7 
10.5 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

----- 

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

289.31 
260.85 
287.25 
273.40 
116.80 
104.03 
129.40 
38.30 

210.84 
154.12 
147.56 
156.03 
588.00 
362.14 

90.73 
21.11 

1351.98 
1164.80 
779.54 
207.67 
996.99 
866.69 
627.13 

35.28 

1244.171 
1076.832 
710.7381 
175.4817 
928.7539 

813.855 
593.6506 
30.91351 

39885 
34185 
24495 
10125 
29295 
24435 
16395 
1185 

1463094 
1293856 
1036423 
695732 
839923 
716542 
548800 
106700 

125728.99 
107762.03 
76840.81 
31124.32 
91967.92 
76891.32 
51642.28 
3618.33 

289.3 
260.8 
287.2 
273.2 
116.7 
103.9 
129.3 
38.2 

0.08 
0.07 
0.09 
0.17 
0.07 
0.06 
0.06 
0.15 

WTOAVGBHPz 130.51 KW= 97.32 

WTOAVGGWH

AVG GM/BHPH:I: 

AVGGMlKWHII: 

HC 

193.72 

1.48 

1.99 

CO 

199.73 

1.53 

2.05 

KNOX 

769.59 

5.90 

7.91 

KNO 

711 

5.44 

7.30 

FUEL 

22988 

176.13 

236.20 

EXHAUST 

865111 

CO2 

72255 

553.63 

742.43 

NMHC 

193.65 

1.48 

1.99 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE = 

PARTie. Wf, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.98 
1.087 

180 
0.196 
65.07 

5047.9 
25.2318 

0.15 
2 

0.63 
0.868 

180 
0.156 
65.21 

5058.9 
20.5284 

0.15 
3 

0.44 
0.682 

180 
0.123 
65.36 

5070.5 
18.1738 

0.10 
4 

0.35 
0.441 

120 
0.053 
65.39 

5073.1 
33.0731 

0.10 
5 

1.25 
0.859 

120 
0.103 
65.22 

5060.2 
61.3619 

0.10 
6 

0.47 
0.671 

120 
0.081 
65.22 

5060.0 
29.4729 

0.10 
7 

0.07 
0.567 

180 
0.102 
65.29 

5065.1 
3.4244 

0.15 
8 

0.09 
0.137 

180 
0.025 
65.23 

5060.2 
18.4677 

WT AVG N02lNOX RATIO II: 0.094515117 

GM/BHPH= 

WTD AVG GM/H = 

0.109 

25.0935 

0.104 0.138 1.286 0.333 0.191 0.034 

121271200711 :26 WEIGHTED AVG GM/BHPH = 0.192 

WTD AVG GM/KWH = 0.258 

8-Mode Test Result Ver.1 212003 Approved _ 



8-Mode Test Results 

CAT. 3306
 
12-12-07 TEST# 8MLPV57
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

I~ft 

EngPwr 
Hp 

CO2 
% 

CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AlrMas 
scfm 

EngExh 
deglF 

ABSHUM 
GR/lB 

Air In 
degF 

Baro P 
InHga 

flaCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OUP 
pslg 

Humldy 
0/0 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
725.0 

559.5 
469.8 
314.8 
61.5 

689.5 
578.0 
381.8 

7.5 

234.4 
196.8 
131.9 
25.8 

183.8 
154.1 
101.8 

1.0 

5.98 
5.76 
5.14 
3.05 
7.67 
7.44 
6.57 
2.54 

186.12 
151.81 
158.08 
236.92 
806.05 
560.14 
197.43 
235.31 

716.10 
676.79 
564.48 
219.31 
919.29 
929.22 
877.79 
303.29 

660.83 
628.07 
515.09 
180.43 
854.44 
870.91 
822.75 
251.95 

425.00 
445.11 

• 599.37 
833.89 
329.51 
328.30 
536.54 
927.28 

672.5 
569.5 

406 
168.5 

486.75 
406.75 

274 
21.3 

480.8 
444.7 
364.8 
276.8 
256.7 
227.2 
182.4 
77.7 

904.8 
858.5 
753.8 
512.0 
975.9 
943.9 
788.3 
369.0 

17.5 
16.8 
16.7 
17.1 
17.5 
17.4 
17.4 
17.4 

84.8 
84.2 
81.5 
80.5 
81.1 
81.7 
81.8 
81.8 

30.30 
30.30 
30.30 
30.30 
30.30 
30.30 
30.30 
30.30 

0.0281078 
0.0271109 
0.0243652 
0.0148564 
0.0359309 
0.0348096 
0.0308394 
0.0125432 

622.96 
587.83 
490.20 
190.63 
799.68 
808.19 
763.38 
263.77 

95.1 
96.7 
96.5 
96.4 
99.1 

102.4 
103.6 
103.2 

574.9 
545.5 
447.3 
156.8 
743.3 
757.5 
715.5 
219.1 

0.20 
0.03 
0.23 
1.05 
0.69 
0.80 
0.97 
5.61 

424.80 
445.08 
599.13 
832.84 
328.82 
327.50 
535.57 
921.67 

59.7 
60.0 
61.4 
63.5 
51.8 
52.5 
53.8 
27.1 

10.1 
9.8 

10.7 
11.3 
11.4 
11.1 
11.0 
11.0 

WT.FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

---- 

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

285.98 
263.22 
281.97 
269.58 
124.65 
107.21 
133.74 
44.99 

251.74 
180.45 
149.49 
153.96 
612.87 
367.68 
98.92 
22.95 

1384.27 
1147.93 
761.54 
203.51 
998.92 
871.55 
628.36 

42.26 

1272.224 
1063.02 

697.4976 
171.0422 
926.5753 
816.0051 
591.295 

36.34594 

40350 
34170 
24360 
10110 
29205 
24405 
16440 
1278 

1479481 
1297574 
1026533 
692290 
844045 
727247 
550846 
103418 

127155.54 
107665.40 
76424.69 
31091.89 
91617.54 
76777.05 
51758.96 
3890.38 

285.85 
263.21 
281.86 
269.26 
124.38 
106.95 
133.50 
44.73 

0.08 
0.07 
0.09 
0.18 
0.07 
0.06 
0.06 
0.17 

WTDAVG BHP 131.15 KW= 97.80 

WTO AVG GMIH = 

AVG GM/BHPH 

AVG GM/KWH=

HC 

194.94 

1.49 

1.99 

CO 

214.04 

1.63 

2.19 

KNOX 

770.64 

5.88 

7.88 

KNO 

711 

5.42 

7.27 

FUEL 

23040 

175.67 

235.58 

EXHAUST 

867494 

CO2 

72395 

552.00 

740.24 

NMHC 

194.76 

1.48 

1.99 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE = 

PARTIe. WT, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.95 
1.087 

180.00 
0.196 
65.07 

5047.9 
24.51 

0.15 
2 

0.64 
0.868 

180.00 
0.156 
65.21 

5058.9 
20.72 

0.15 
3 

0.45 
0.682 

180.00 
0.123 
65.36 

5070.5 
18.59 

0.10 
4 

0.36 
0.441 

120.00 
0.053 
65.39 

5073.1 
34.51 

0.10 
5 

1.44 
0.859 

120.00 
0.103 
65.22 

5060.2 
70.69 

0.10 
6 

0.45 
0.671 

120.00 
0.081 
65.22 

5060.0 
28.28 

0.10 
7 

0.07 
0.567 

120.00 
0.068 
65.29 

5065.1 
5.21 

0.15 
8 

0.05 
0.137 

180.00 
0.025 
65.23 

5060.2 
10.26 

'NT AVG N02lNOX RATIO s 0.098221833 

GM/BHPH

WTD AVG GtNH. 

0.105 

24.9808 

0.105 0.141 1.339 0.385 0.184 0.051 

WEIGHTED AVG GtNBHPH • 0.190 

WTD AVG GMlKWH • 0.255 

Approved _8-Mode Test Result Ver.1 212003 



~Mode Test Results 

CAT. 3306
 
12-20-07 TEST# 8MLPV58
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
DynTrq 

II>-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GMIMIN 

AirMas 
scfm 

EngExh 
degiF 

ABSHUM 
GRILB 

Air In 
degF 

Baro P 
InHga 

f/acAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

OilP 
pslg 

Humidy 
% 

2200.0 
2200.0 
2200.1 
2200.0 
1400.0 
1400.1 
1400.0 
725.0 

566.2 
469.8 
314.7 
61.8 

692.8 
578.0 
382.3 

1.0 

237.2 
196.8 
131.9 
25.9 

184.7 
154.1 
101.9 

0.1 

6.18 
5.93 
5.28 
3.18 
7.81 
7.51 
6.61 
1.98 

200.88 
147.14 
163.28 
243.65 
895.58 
636.56 
204.93 
292.50 

675.25 
641.54 
528.68 
204.47 
853.62 
862.22 
806.11 
185.58 

621.36 
591.00 
479.49 
167.47 
796.58 
808.82 
758.17 
158.26 

434.33 
460.01 
618.62 
901.19 
291.74 
291.20 
499.72 
674.64 

674.75 
568 

406.25 
168.75 
489.25 
408.5 

273.75 
19 

458.0 
414.5 
348.0 
264.7 
251.0 
222.4 
181.6 
75.5 

909.4 
860.5 
757.8 
512.8 
981.1 
946.3 
788.4 
362.8 

49.7 
48.4 
48.4 
47.0 
47.7 
47.8 
48.3 
50.0 

84.2 
83.6 
83.5 
81.5 
79.8 
79.5 
78.9 
78.7 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.0289901 
0.0278453 
0.0249769 
0.0154983 
0.0365674 
0.0351333 
0.0309651 
0.0098343 

633.63 
600.06 
494.51 
190.61 
797.07 
805.36 
753.76 
174.24 

87.9 
91.3 
92.4 
92.6 
95.5 
99.0 

100.0 
99.5 

583.06 
552.79 
448.50 
156.12 
743.81 
755.48 
708.94 
148.58 

0.65 
1.03 
1.00 
0.91 
1.17 
1.56 
2.12 
3.34 

433.68 
458.98 
617.61 
900.28 
290.57 
289.64 
497.59 
671.30 

60.25 
60.09 
61.48 
63.79 
52.12 
52.67 
54.16 
27.58 

28.83 
28.64 
28.78 
29.84 
31.99 
32.37 
33.34 
34.72 

wr. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

-----
FUEL EXHAUST CO2 NMHC 

N02INOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 
15.00 

1 
2 
3 
4 
5 
6 
7 
8 

284.08 
263.98 
283.92 
279.55 
108.93 
94.60 

123.92 
37.32 

264.10 
169.72 
150.63 
151.92 
672.13 
415.65 
102.15 
32.53 

1368.56 
1137.11 
749.48 
195.25 
982.76 
863.94 
617.25 

31.83 

1254.514 
1045.643 
682.4463 
163.5587 
914.8138 
809.1842 
582.5201 
28.03006 

40485 
34080 
24375 
10125 
29355 
24510 
16425 
1140 

1446921 
1266449 
1007028 
667811 
837590 
726906 
550520 
117889 

127571.91 
107393.35 
76464.51 
31111.38 
92051.61 
n075.78 
51737.15 
3460.21 

283.6584276 
263.3911081 
283.4630853 
279.2736179 
108.4931602 
94.0918686 

123.3978093 
37.14550869 

0.08 
0.08 
0.09 
0.18 
0.07 
0.06 
0.06 
0.15 

WTDAVG BHP:: 131.54 KW= 98.09 

wro AVG GM/H = 

AVG GM/BHPH = 

AVGGMlKWH= 

HC 

191.09 

1.45 

1.95 

CO 

226.73 

1.72 

2.31 

KNOX 

758.97 

5.77 

7.74 

KNO 

699 

5.31 

7.12 

FUEL 

23054 

175.25 

235.02 

EXHAUST 

854026 

CO2 

72431 

550.62 

738.39 

NMHC 

190.67 

1.45 

1.94 

W.F. 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.15 

W.F. 
MODE = 

PARTie. WT, MG = 
GP (g/Sec.)= 

Sample Time (Sec.)= 
mSEP (kg)= 

Dilution Tunnel Total Flow (scmm)= 
qmedf (kg/Hr.)= 

qmPT (g/Hr.)= 

0.15 
1 

0.84 
1.087 

180 
0.196 
65.07 

5047.9 
21.5786 

0.15 
2 

0.54 
0.868 

180 
0.156 
65.21 

5058.9 
17.3378 

0.15 
3 

0.43 
0.682 

180 
0.123 
65.36 

5070.5 
17.9169 

0.10 
4 

0.34 
0.441 

120 
0.053 
65.39 

5073.1 
32.1509 

0.10 
5 

1.21 
0.859 

120 
0.103 
65.22 

5060.2 
59.5751 

0.10 
6 

0.48 
0.671 

120 
0.081 
65.22 

5060.0 
30.1454 

0.10 
7 

0.47 
0.567 

120 
0.068 
65.29 

5065.1 
34.9884 

0.15 
8 

0.07 
0.137 

180 
0.025 
65.23 

5060.2 
15.1435 

wr AVG N02lNOX RATIO:ll 0.096750025 

GM/BHPH= 

WTO AVG GM/H = 

0.091 

26.4825 

0.088 0.136 1.241 0.323 0.196 0.058 

WEIGHTED AVG GM/BHPH = 0.201 

WTD AVG GM/KWH :: 0.270 

Approved _~Mode Test Result Ver.1 212003 



~Mode Test Results 

CAT. 3306
 
12-27-07 TEST# 8MLPV62
 
8-MODE STEADY-STATE
 

W/ARCO-VISCON BLEND DIESEL FUEL.
 

Mode 
EngSpd 

RPM 
OynTrq 

Ib-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HCFID 
ppm 

02 
0/0 

FUEL RT 
GMIMIN 

AirMas 
scfm 

EngExh 
deglF 

Air In 
InH20 

ABSHUM 
GRllB 

Air In 
degF 

BaroP 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
727.8 

564.9 
470.2 
315.1 
61.3 

699.0 
577.8 
382.8 

0.3 

236.6 
197.0 
132.0 
25.7 

186.3 
154.0 
102.0 

0.0 

5.99 
5.77 
5.16 
3.13 
7.78 
7.60 
6.61 
2.23 

175.85 
128.67 
148.88 
218.69 
813.79 
555.44 
166.10 
160.95 

744.03 
716.49 
597.61 
241.32 
965.07 
996.15 
938.01 
258.60 

673.69 
647.36 
532.89 
192.46 
874.24 
904.35 
851.48 
202.59 

426.70 
434.68 
585.29 
826.89 
306.67 
306.81 
494.71 
709.04 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

671 
566 
408 

167.25 
495 
405 
'273 

17 

482.2 
429.7 
352.6 
262.8 
245.6 
219.2 
1n.9 
76.8 

899.5 
850.5 
748.9 
502.0 
975.1 
936.6 
776.2 
343.8 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

9.3 
9.1 
8.9 
8.6 
8.8 
8.6 
8.3 
8.0 

81.1 
82.0 
82.0 
80.3 
81.0 
81.7 
81.6 
81.3 

30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 

0.0281288 
0.0271213 
0.0244199 
0.015257 

0.0364269 
0.035498 

0.0309485 
0.0109662 

635.52 
611.64 
509.93 
205.78 
823.30 
849.40 
799.30 
220.22 

93.2 
94.6 
87.7 
87.7 
85.9 
87.0 
87.4 
87.1 

575.43872 
552.62398 
454.7117 

164.11201 
745.80902 
771.12628 

725.5736 
172.51972 

0 
0 
0 
0 

0.00 
0 
0 

0.00 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

------ 

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 

15.00 

WTDAVG BHP= 

1 
2 
3 
4 
5 
6 
7 

8 

286.27 
255.36 
276.06 
258.27 
116.31 
97.76 

122.40 

31.44 

131.65 

237.14 1407.93 
151.94 1186.58 
141.15 794.26 
137.30 212.24 
620.36 1031.08 
355.74 893.74 

82.61 653.09 

14.34 32.24 

KW= 

1269.71 
1069.677 
710.6543 
172.7864 
931.8075 
810.3405 
594.8193 

26.03783 

98.17 

40260 
33960 
24480 
10035 
29700 
24300 
16380 

1020 

1473441 
128n33 
1028213 
668573 
846052 
709683 
546270 

94139 

126891.07 
107066.49 
76838.47 
30915.04 
93207.96 
76491.40 
51629.38 

3125.34 

0 
0 
0 
0 
0 
0 
0 

0 

0.09 
0.10 
0.11 
0.20 
0.09 
0.09 
0.09 

0.22 Single Filter 
PARTIC. WT, MG = 0.312 

PARTIC. SAMPLE VOl.,STD LITERS • 9.89 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC MG/SL 0.03155 

WTD AVG GMIH = 186.84 201.29 792.17 712 23000 859587 72313 0.00 WTD AVG GM/H = 20.944 

AVG GMlBHPH • 1.42 1.53 6.02 5.41 174.70 549.26 0.00 AVG GM/BHPH = 0.159 

AVGGMlKWH= 1.90 2.05 8.07 7.26 234.27 736.58 0.00 AVG GM/KWH = 0.213 

WT AVG N02lNOX RATIO = 0.125484728 

Approved _~Mode Test Result Ver.1 212003 



~Mode Test Results 

CAT 3306
 
12128/2007 Test# 8MLPV63
 

8-MODE STEADY-STATE
 

W/ARCO-VISCON BLENDED FUEL 

Mode 
EngSpd 

RPM 
DynTrq 

Ib-n 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HCFID 
ppm 

FUEL RT 
GM/MIN 

AlrMas 
scfm 

EngExh 
deglF 

ABSHUM 
GRllB 

Air In 
degF 

BaroP 
InHga 

f/aCAl 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OIlP 
psig 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1399.9 
730.3 

556.1 
470.7 
315.0 
62.0 

695.9 
578.0 
382.5 

0.5 

232.9 
197.2 
131.9 
26.0 

185.5 
154.1 
102.0 

0.1 

6.11 
5.85 
5.22 
3.19 
7.81 
7.59 
6.67 
2.68 

173.86 
142.71 
170.63 
257.48 
822.00 
548.32 
173.13 
166.48 

710.81 
677.23 
558.48 
222.00 
895.09 
899.83 
841.25 
238.95 

665.07 
632.98 
509.39 
183.48 
846.07 
858.23 
804.63 
213.39 

430.46 
460.60 
605.49 
857.81 
310.71 
304.13 
477.84 
696.46 

664.5 
569.5 
405.5 

167 
490.5 
407.5 
274.5 

20 

478.1 
432.9 
358.9 
274.6 
254.9 
225.5 
182.3 
76.1 

897.1 
854.0 
752.0 
506.2 
974.9 
940.9 
784.0 
349.5 

17.4 
18.7 
19.8 
20.5 
21.2 
21.7 
21.9 
22.0 

83.2 
81.9 
80.9 
79.8 
78.9 
79.3 
79.8 
80.2 

30.10 0.0286625 
30.10 0.0274661 
30.10 0.0247223 
30.10 0.0155283 
30.10 0.0365792 
30.10 0.0354561 
30.10 0.0312153 
30.10 0.0130553 

618.17 
590.70 
488.34 
194.47 
785.19 
790.28 
739.25 
210.01 

92.7 
95.5 
96.7 
96.6 
99.8 
99.5 
98.0 
96.4 

578.39 
552.11 
445.41 
160.73 
742.19 
753.74 
707.07 
187.54 

0.001039 
0.029711 

0.0005544 
0.0030598 

0.00 
0.0022308 
0.0030837 

0.01 

430.46 
460.57 
605.49 
857.81 
310.72 
304.13 
477.83 
696.45 

10.5 
11.7 
12.8 
13.8 
14.6 
14.8 
14.7 
14.6 

59.8 
60.1 
61.6 
63.8 
52.0 
52.8 
54.2 
28.3 

WT. FAC 
0/0 

Mode 
No HC CO 

GRAMSIHOUR-

KNOX KNO 

----

FUEL EXHAUST CO2 NMHC 
N02lNOX 

RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 
10.00 
10.00 

15.00 

WTDAVG BHP

1 
2 
3 
4 
5 
6 
7 

8 

280.52 
268.57 
280.30 
262.80 
116.27 
97.62 

117.83 

30.46 

131.07 

227.74 1330.30 1239.984 
167.26 1137.39 1061.132 
158.78 746.53 683.4943 
158.56 196.75 166.0846 
618.25 970.22 915.0139 
353.78 837.67 797.8645 
85.81 601.98 577.5164 

14.63 30.33 27.76143 

KW= 97.74 

39870 
34170 
24330 
10020 
29430 
24450 
16470 

1200 

1434334 
1280658 
1011240 
657188 
836419 
716170 
545748 

93406 

125682.43 
107669.25 
76319.86 
30819.56 
92351.84 
76972.44 
51925.30 

3701.02 

280.5 
268.6 
280.3 
262.8 
116.3 
97.6 

117.8 

30.5 

0.06 
0.07 
0.09 
0.17 
0.05 
0.05 
0.04 

0.11 Single Filter 
PARTIC. WT, MG -

PARTIC. SAMPLE VOL.,STD LITERS = 
0.32 
9.78 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC MG/SL 0.03272 

WTDAVGGWH 188.43 206.90 747.34 698 22973 848498 72213 188.43 WTD AVG GM/H = 21.438 

AVG GMlBHPH :I 1.44 1.58 5.70 5.32 175.26 550.94 1.44 AVG GM/BHPH = 0.164 

AVGGMlKWH= 1.93 2.12 7.65 7.14 235.03 738.82 1.93 AVGGM/KWH= 0.219 

WT AVG N02lNOX RATIO = 0.080490911 

Approved _8-Mode Test Result Ver.1 212003 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of20 minutes. Modes 1, 2, 3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 The constant volume sampling system (CVS) continually dilutes the exhaust gas with finely filtered room 
air to maintain a constant volume of exhaust gas plus dilute air over the test interval. Coincidentally a 
second bag is being filled continuously with the same air used to dilute the exhaust gas. Therefore at the 
end of each test there are bag samples of the proportional and integrated dilute exhaust and the filtered air 
that was used to dilute the exhaust. 

2.0	 Method Sumntary 

2.1	 Samples analyzed for Volatile Organic Compounds (VOC's) are collected from the integrated bag 
samples that have been continuously filled during the test cycle. One bag is filled with dilution air, while 
the other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to-the 
constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. For every 
emission sample and tunnel blank sampled, a dilution air sample must be co-sampled for background 
correction. Tedlar bag samples are analyzed by gas chromatography (GC). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

4.4	 To prevent sample contamination, Tedlar bags are used only once. 
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5.0	 Interferences and Potential Problems 

5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any 
reactive hydrocarbons. 

5.1.1	 The compound 1,3-butadiene, resulting mostly during cold-start testing by the combustion of 
olefins, is extremely unstable as it easily polymerizes in the presence of oxygen. Therefore all 
samples analyzed for 1,3-butadiene must be run within 1 hour of collection. 

6.0	 Equipment/Apparatus 

6.1	 Tedlar bags: SKC, Inc., 1 L in capacity, or equivalent 

6.2	 Super Syringe: Fisher Scientific, 1 L 

6.3	 Teflon diaphragm vacuum-pressure pump: Hamant Co., or equivalent 

6.4	 Sampling Train Schematic 
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7.0	 Procedure 

7.1	 Sample collection 

7.1.1	 After the analysis of the bag samples collected from the emission test, a T-connected valve is 
turned enabling the sample to flow through the Teflon diaphragm pump to the Tedlar bag. 

7.1.2	 A dilution air sample is collected first by setting the CVS to "read bag 1 or 2". Before connecting 
the Tedlar bag to the pump, the pump should be run for about 30 seconds to flush any 
contaminants from previous samples. The Tedlar bag is then attached to the pump and powered 
on to collect the sample. 

7.1.3	 A tunnel blank or dilute exhaust sample is collected next by setting the CVS to "read bag 4 or 5". 
Before connecting the Tedlar bag to the pump, the pump should be run for about 30 seconds to 
flush any contaminants from previous samples. The Tedlar bag is then attached to the pump and 
powered on to collect the sample. 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations. 

7.1.5	 The Tedlar bag samples are quickly taken into the laboratory and shaded from direct light for 
analysis by GC. 

8.0	 Quality ControVQuality Assurance 

8.1	 Dilution Air Sample 

8.1.1	 A dilution air sample is collected for every emission sample and tunnel blank to correct for 
background levels in the ambient dilution air. 

8.2	 Tunnel Blank Sample 

8.2.1	 A tunnel blank sample is collected each analysis day to note any hydrocarbon contamination that 
may be in the tunnel. 

8.3	 Duplicate Sample 

8.3.1 A duplicate emission sample is collected each analysis day for quality purposes. 

8.4	 Data Comparisons 

8.4.1	 The VOC sampling protocol provides the same gas sample used in the official calculation of 
results from the emission test. The hydrocarbon (HC) data can be compared to the GC data. 

8.4.2	 The primary bag gas data are printed out on every test report automatically along with other 
engine operating data. The dilution ratio and work for the entire test is also printed out on each 
report from the precise CVS flow data. Accordingly, there is generally no need to dilute the 
Tedlar bag samples before GC analysis. 
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8.5	 Leak Checks 

8.5.1	 Sampling Train 

8.5.1.1 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

8.5.2	 Tedlar Bags 

8.5.2.1 Tedlar bags may	 be leak checked by filling the bag and leaving it under pressure 
overnight. If the bag deflates, it should not be used for sample collection. 

8.6	 Flow Rates 

8.6.1	 The flow rate into the CVS bags is controlled by the Horiba CVS with needle valves. The flow 
rate over the 20 minute transient test cycle is 5 Llmin, while the flow rate over the 40 minute 
steady state test cycle is 2.5 L/min. 
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1.0 Scope and Application 

This SOP is based on CARB Method 1002 and describes the use of gas chromatography (GC) coupled 
with flame ionization detection (FlO) for the determination of C2-CS hydrocarbons (light-end 
hydrocarbons) in the ppbC range from automotive source samples. The compounds listed below may be 
determined by this method: 

Compound CAS Registry No. 

ethene 00074-85-1 
ethyne 00074-86-2 
ethane 00074-84-0 
propene 00115-07-1 
propane 00074-98-6 
1,2-propadiene 00463-49-0 
1-propyne 00074-99-7 
2-methylpropane 00075-28-5 
2-methylpropene (isobutene) 00115-11-7 
1-butene 00106-98-9 
1,3-butadiene 00106-99-0 
n-butane 00106-97-8 
trans-2-butene 00624-64-6 
2,2-dimethylpropane 00463-82-1 
1-butyne 00107-00-6 
cis-2-butene 00590-18-1 
3-methyl-1-butene 00563-45-1 
2-methylbutane 00078-78-4 
2-butyne 00503-17-3 
1-pentene 00109-67-1 
2-methyl-1-butene 00563-46-2 
n-pentane 00109-66-0 
2-methyl-1,3-butadiene 00078-79-5 
trans-2-pentene 00646-04-8 
3,3-dimethyl-1-butene 00558-37-2 
cis-2-pentene 00627-20-3 
1-buten-3-yne 00689-97-4 
2-methyl-2-butene 00513-35-9 
1,3-cyclopentadiene 00542-92-7 
2,2-dimethylbutane 00075-83-2 
cyclopentene 00142-29-0 
4-methyl-1-pentene 00691-37-2 
3-methyl-1-pentene 00760-20-3 
cyclopentane 00287-92-3 
2,3-dimethylbutane 00079-29-8 
1-methyl-tert-butyl-ether 01634-04-4 
4-methyl-cis-2-pentene 00691-38-3 
2-methylpentane 00107-83-5 
4-methyl-trans-2-pentene 00674-76-0 
3-methylpentane 00096-14-0 



SOP No.: 1002 (r(s Hydrocarbons 
Version 2 
Date Issued: June 22, 2006 
Page 3 of 9 

2-methyl-1-pentene 00763-29-1 
1-hexene 00592-41-6 
n-hexane 00110-54-3 

1.2	 This method is restricted to use by, or under the supervision of, analysts experienced in the use of gas 
chromatographs. Analysts should also be skilled in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method. 

2.0	 Method Summary 

2.1	 This method provides GCIFID conditions for the detection of the target analytes. Exhaust samples are 
introduced to the GC from Tedlar bags by means of gas sampling valves. Separation of the sample 
hydrocarbons takes place in a 50 m 0.32 mm ID PLOT fused silica column. Quantitative analysis is 
performed by the FID using an external standard approach. The computerized GC data acquisition system 
identifies the hydrocarbons and concentrations are determined by peak area response factors. 

2.2	 Prior to the use of this method, appropriate sample collection techniques must be used. 

2.2.1	 Samples are collected from the exhaust in Tedlar bags. Dilutions may apply and must be 
accounted for in final calculations. 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

5.0	 Interferences and Potential Problems 
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5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat.
 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any
 
reactive hydrocarbons.
 

5.1.1	 The compound 1,3-butadiene, resulting mostly during cold-start testing by the combustion of
 
olefins, is extremely unstable as it easily polymerizes in the presence of oxygen. Therefore all
 
samples analyzed for 1,3-butadiene must be run within 1 hour of collection.
 

5.2	 Any component present in the sample with a retention time very similar to that of a target hydrocarbon
 
would interfere or coelute. If separation cannot be achieved, confirmation of identification should be done
 
using a different column for separation, or an alternate detector, e.g., mass spectrometer (MS),
 
photoionization detector (PID), etc.
 

6.0	 Equipment/Apparatus
 

6.1	 GC/FID
 

6.1.1	 Gas Chromatograph (GC) - Varian CP-3800 with programmable oven temperatures, 10 mL fixed
 
volume injection loop for automated transfer of gaseous samples from the Tedlar bag to the GC,
 
and analytical column interfaced with a flame ionization detector (FID).
 

6.1.1.1	 GC Column- Varian CP 7515 PLOT fused silica, 50 m x 0.32 mm ID, or equivalent.
 

6.1.2	 Data System - Dell-PC computer with Varian Star software capable of continuous acquisition
 
and storage of all data obtained throughout the duration of the chromatographic program.
 

6.2	 Nitrogen, compressed and liquid. Minimum purity of99.998 %.
 

6.3	 Helium, compressed. Minimum purity of99.995 %.
 

6.4	 Hydrogen, compressed. Minimum purity of 99.995 %.
 

6.5	 Air, compressed. "Zero" grade «1 ppmC total hydrocarbon contamination), or better.
 

6.6	 Tedlar bags: SKC, Inc., 5 to 10 L in capacity, or equivalent.
 

6.7	 Super Syringe: Fisher Scientific, 1 L.
 

7.0	 Reagents
 

7.1	 NIST-certified SRM or secondary NIST-traceable standards shall be used in all tests. A secondary
 
standard is obtained by a comparison between a SRM and a candidate standard.
 

7.2	 Calibration Standard
 

7.2.1	 The quantitative calibration standard for all target hydrocarbons is propane.
 
LehnerlMartin, Inc. Propane Std. in zero air - 2955 ppbC, or equivalent
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7.3	 Control Standard 

7.3.1	 Quality control standard, containing at least ethane, propane, n-butane, 2-methylpropene and 1,3
butadiene at concentrations between 200 and 3000 ppbC based on a propane standard. This 
standard is used as a daily update of control charts and a daily determination of marker retention 
time windows. 

Scott-Marrin, Inc. 23 Component custom blend in nitrogen, or equivalent 

7.4	 A high concentration standard (higher than the calibration standard), containing the target hydrocarbons 
listed in Section 7.3.1, is used for linearity determinations. The high concentration standard must have 
concentrations verified against a NIST-traceable propane standard. 

7.5	 A low concentration standard (5 to 10 times the estimated MDL), containing the target hydrocarbons 
listed in Section 7.3.1, is used for MDL determinations. The low concentration standard must have 
concentrations verified against a NIST-traceable propane standard. 

7.5.1 In lieu of a low concentration standard, a higher concentration standard may be diluted. 

8.0	 Procedure 

8.1	 Sample collection 

8.1.1	 Specific sample collection procedures can be found in the VOC Sampling Protocol. 

8.1.2	 In general, samples are collected from the integrated bag samples that have been continuously 
filled during the 1200 second transient test cycle. One bag is filled with dilution air, while the 
other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to 
the constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. 

8.2	 GC chromatographic conditions: 

Injection volume: 10 mL fixed loop 
Injector temperature: -180 C (hold 7.10 min) to 250 C (hold 61.25 min) @ 200 C/min 
Helium carrier flow: 3 mL/min 
Nitrogen aux. flow: 27 mL/min 
Hydrogen flow: 30 mL/min 
Air flow: 300 mL/min 
Column temperature: oC (hold 10 min) to 200 C (hold 20 min) @ 5 C/min 
Detector temperature: 250C 

8.3	 Samples in Tedlar bags are connected to one of sixteen ports on the autosampler and the analytical 
process then begins. 

8.4	 The sample is introduced into the carrier gas stream through the injection valve. 

8.5	 Each separated analyte exits the column into the FID where a response is generated. 

8.6	 Hydrocarbon concentrations are calculated in parts per billion of carbon (ppbC) by Varian's Star software 
from the NIST-traceable propane calibration standard. 
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8.7	 Analytes with concentrations higher than demonstrated in the instruments range of linearity must be 
diluted and rerun. 

8.8	 Peak identification and integration are checked and corrected if necessary by the analyst. 

8.9	 Target compounds that coelute are reported as the major component. 

8.10	 The PLOT fused silica analytical column is heated to 200 C to prevent carry over and assure all 
compounds are eluted before the next run. 

9.0	 Calculations 

9.1	 The target hydrocarbon concentrations, in ppbC, are calculated by the data system using propane as an 
external standard. 

Concentration sample (PpbC) =Peak Areasample x Response Factor 

where the response factor (RF) is calculated during daily calibration by: 

RF = Concentration of propane standard (PpbC) 

area of propane peak 

10.0	 Quality Control/Quality Assurance 

10.1	 Instrument Blank Run 

10.1.1	 An instrument blank of pure nitrogen is run each analysis day. All target hydrocarbon 
concentrations from the blank analysis must be below the method detection limit (MOL) before 
the analysis may proceed. 

10.1.1.1	 If the blank shows a peak greater than the MOL in the region of interest, the 
source of contamination must be investigated and remedied. 

10.2	 Calibration Run 

10.2.1	 The calibration standard is analyzed each analysis day to generate the response factor used to 
quantify the sample concentrations. 

10.3	 Control Standard Run 

10.3.1	 The quality control standard is analyzed at least once each analysis day. Measurements of all 
compounds specified in Section 7.3.1 must fall within the control limits to ensure the validity of 
the sample analyses that day. To meet this requirement, it may be necessary to inspect and repair 
the GC, and rerun the calibration and/or control standards. 
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10.4	 Control Charts 

10.4.1	 A quality control chart is maintained for each component of the control standard listed in Section 
7.3.1, and is performed for new instruments, after making instrument modifications that can affect 
recovery, and at least once every year. The control charts, used on a daily basis, establish that the 
method is "in control." The following describes how to construct a typical control chart: 

1.	 Obtain at least 20 daily control standard results; 
2.	 Calculate the control standard mean concentration and standard deviation for the target 

hydrocarbon; and 
3.	 Create a control chart for the target hydrocarbon by placing the concentration on the Y

axis and the date on the X-axis. Establish upper and lower warning limits at either two 
standard deviations (2s) or 5 percent, whichever is greater, above and below the average 
concentration. 

4.	 A control standard measurement is considered to be out-of-control when the analyzed 
value exceeds the control limit or two successive control standard measurements of the 
san1e analyte exceed the warning limit. 

5.	 If 20 control standard measurements are not yet available to create a control chart (e.g., 
the control standard was expended and replaced prior to obtaining 20 points with the new 
standard), measurements must be within 15% relative standard deviation (RSD) of the 
certified concentration. If the control standard is not a NIST standard, the cylinder should 
be certified by the laboratory against a NIST standard. 

The measured concentrations of all target hydrocarbons contained in the control standard must be 
within the control limits (in control) for the sample results to be considered acceptable. 

10.5	 Duplicates 

10.5.1	 A duplicate analysis of one sample is performed at least once per analysis day. The relative 
percent difference (RPD) is calculated for each duplicate run: 

RPD (%) = Difference between duplicate and original measurement x 100 
Average of duplicate and original measurement 

For each compound specified in Section 7.3.1, the allowable RPD depends on the average 
concentration level for the duplicate runs, as shown in the following table: 

Average Measurement for the Duplicate Runs Allowable RPD (%) 
1 to 10 times MDL 100 
10 to20" 30 
20 to 50 20 
Greater than 50 " " 15 

If the results of the duplicate analyses do not meet these criteria for all compounds specified in 
Section 7.3.1, the sample may be reanalyzed. If reanalysis is not feasible or if the criteria are still 
not met on reanalysis, all sample results for that analysis day are invalid. 

10.6	 Linearity 
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10.6.1	 A multipoint calibration to confirm instrument linearity is performed for the target hydrocarbons 
in the control standard for new instruments, after making instrument modifications that can affect 
linearity, and at least once every year. The multipoint calibration consists of at least five 
concentration or mass loading levels (using smaller or larger volume sample sizes of existing 
standards is acceptable), each above the MOL, distributed over the range of expected sample 
concentration. A linear regression analysis is performed using concentration and average area 
counts to determine the regression correlation coefficient (r). The r must be greater than 0.995 to 
be considered sufficiently linear for one-point calibrations. 

10.7	 MOL 

10.7.1	 The MOL for the target hydrocarbons in the control standard must be determined for new 
instruments, after making instrument modifications that can affect linearity and/or sensitivity, and 
at least once every year. To make the calculations, it is necessary to run at least seven replicate 
determinations at a concentration of 5 to 10 times the estimated MOL. The MOL is calculated 
using the following equation: 

MOL=txs 

where s is the standard deviation of the replicates and t is the t-factor for 99 percent confidence 
for a one-sided normal (Gaussian) distribution. The number of degrees of freedom is equal to the 
nu~ber of replicates,. minus one. An abbreviated t-table is: 

Oegrees of Freedom t-value 
4	 3.7 
5	 3.4 
6	 3.1 
7	 3.0 

10.7.1.1	 The maximum allowable MOL for each compound is 1 ppbC. The calculated 
laboratory MOL must be equal to or lower than the maximum allowable MOL. 
All peaks identified as target compounds that are equal to or exceed the 
maximum allowable MOL must be reported. If the calculated laboratory MOL is 
less than the maximum allowable MOL, the laboratory may choose to set its 
reporting limit at the maximum allowable MOL, the calculated laboratory MOL, 
or any level in between. 

10.7.1.2	 For the purpose of calculating the total mass of all species, the concentrations of 
all compounds below the MDL are considered to be zero. 

10.8	 Method 1002/1003 Crossover Check 

10.8.1	 A crossover check is analyzed at least once each analysis day, and is performed by choosing a 
compound from a sample to be measured and compared by both Method 1002 and 1003. The 
crossover compound shall be a compound that can reasonably be expected to be found and 
measured by both methods in the laboratory performing the analysis. The maximum relative 
percent difference (RPO) allowed from the results obtained by the two methods is 15%. 
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11.0 References 

11.1 California Environmental Protection Agency, Air Resources Board, Method 1002, Revision IV, July 2002 
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1.0 Scope and Application 

This SOP is based on CARB Method 1003 and describes the use of gas chromatography (GC) coupled 
with flame ionization detection (FID) for the determination of C6-C12 hydrocarbons (mid-range 
hydrocarbons) in the ppbC range from automotive source samples. The compounds listed below may be 
determined by this method: 

Compound CAS Registry No. 

n-hexane 00110-54-3 
trans-3-hexene 13269-52-8 
cis-3-hexene 07642-09-3 
trans-2-hexene 04050-45-7 
3-methyl-trans-2-pentene 00616-12-6 
2-methyl-2-pentene 00625-27-4 
3-methylcyclopentene 01120-62-3 
cis-2-hexene 07688-21-3 
1-ethyl-tert-butyl-ether 00637-92-3 
3-methyl-cis-2-pentene 00922-62-3 
2,2-dimethylpentane 00590-35-2 
methylcyclopentane 00096-37-7 
2,4-dimethylpentane 00108-08-7 
2,2,3-trimethylbutane 00464-06-2 
3,4-dimethyl-1-pentene 07385-78-6 
1-methylcyclopentene 00693-89-0 
benzene 00071-43-2 
3-methyl-1-hexene 03404-61-3 
3,3-dimethylpentane 00562-49-2 
cyclohexane 00110-82-7 
2-methylhexane 00591-76-4 
2,3-dimethylpentane 00565-59-3 
cyclohexene 00110-83-8 
3-methylhexane 00589-34-4 
trans-1,3-dimethylcyclopentane 01759-58-6 
cis-1,3-dimethylcyclopentane 02532-58-3 
3-ethylpentane 00617-78-7 
trans-1,2-dimethylcyclopentane 00822-50-4 
1-heptene 00592-76-7 
2,2,4-trimethylpentane 00540-84-1 
trans-3-heptene 14686-14-7 
n-heptane 00142-82-5 
2-methyl-2-hexene 02738-19-4 
3-methyl-trans-3-hexene 03899-36-3 
trans-2-heptene 14686-13-6 
3-ethyl-2-pentene 00816-79-5 
2,4,4-trimethyl-1-pentene 00107-39-1 
2,3-dimethyl-2-pentene 10574-37-5 
cis-2-heptene 06443-92-1 
methylcyclohexane 00108-87-2 
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2,2-dimethylhexane 00590-73-8 
2,4,4-trimethyl-2-pentene 00107-40-4 
ethylcyclopentane 01640-89-7 
2,5-dimethylhexane 00592-13-2 
2,4-dimethylhexane 00589-43-5 
1,2,4-trimethylcyclopentane 02815-58-9 
3,3-dimethylhexane 00563-16-6 
2,3,4-trimethylpentane 00565-75-3 
2,3,3-trimethylpentane 00560-21-4 
toluene 00108-88-3 
2,3-dimethylhexane 00584-94-1 
2-methylheptane 00592-27-8 
4-methylheptane 00589-53-7 
3-methylheptane 00589-81-1 
(1 a,2a,3b)-1 ,2,3-trimethylcyclopentane 15890-40-1 
cis-1,3-dimethylcyclohexane 00638-04-0 
trans-1,4-dimethylcyclohexane 02207-04-7 
2,2,5-trimethylhexane 03522-94-9 
trans-1-methyl-3-ethylcyclopentane 02613-65-2 
cis-1-methyl-3-ethylcyclopentane 16747-50-5 
1-octene 00111-66-0 
trans-4-octene 14850-23-8 
n-octane 00111-6p-9 
trans-2-octene 13389-42-9 
trans-1,3-dimethylcyclohexane 02207-03-6 
cis-2-octene 07642-04-8 
2,3,5-trimethylhexane 01069-53-0 
2,4-dimethylheptane 02213-23-2 
cis-1,2-dimethylcyclohexane 02207-01-4 
2,6-dimethylheptane 01072-05-5 
ethylcyclohexane 01678-91-7 
3,5-dimethylheptane 00926-82-9 
ethylbenzene 00100-41-4 
2,3-dimethylheptane 03074-71-3 
m-&p-xylene 00108-38-3 
4-methyloctane 02216-34-4 
2-methyloctane 03221-61-2 
3-methyloctane 02216-33-3 
styrene (ethenylbenzene) 00100-42-5 
o-xylene 00095-47-6 
1-nonene 00124-11-8 
n-nonane 00111-84-2 
(1-methylethyl)benzene 00098-82-8 
2,2-dimethyloctane 15869-87-1 
2,4-dimethyloctane 04032-94-4 
2,6-dimethyloctane 02051-30-1 
n-propylbenzene 00103-65-1 
1-methyl-3-ethylbenzene 00620-14-4 
1-methyl-4-ethylbenzene 00622-96-8 
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1,3,5-trimethylbenzene 00108-67-8 
1-methyl-2-ethylbenzene 00611-14-3 
1,2,4-trimethylbenzene 00095-63-6 
n-decane 00124-18-5 
(2-methylpropyl)benzene 00538-93-2 
(1-methylpropyl)benzene 00135-98-8 
1-methyl-3-(1-methylethyl)benzene 00535-77-3 
1,2,3-trimethylbenzene 00526-73-8 
1-methyl-4-(1-methylethyl)benzene 00099-87-6 
2,3-dihydroindene (indan) 00496-11-7 
1-methyl-2-(1-methylethyl)benzene 00527-84-4 
1,3-diethylbenzene 00141-93-5 
1,4-diethylbenzene 00105-05-5 
1-methyl-3-n-propylbenzene 01074-43-7 
1-methyl-4-n-propylbenzene 01074-55-1 
1,2-diethylbenzene 00135-01-3 
1-methyl-2-n-propylbenzene 01074-17-5 
1,4-dimethyl-2-ethylbenzene 01758-88-9 
1,3-dimethyl-4-ethylbenzene 00874-41-9 
1,2-dimethyl-4-ethylbenzene 00934-80-5 
1,3-dimethyl-2-ethylbenzene 02870-04-4 
n-undecane (hendecane) 01120-21-4 
1,2-dimethyl-3-ethylbenzene 00933-98-:2 
1,2,4,5-tetramethylbenzene 00095-93-2 
1-methyl-2-n-butylbenzene 01595-11-5 
1,2,3,5-tetramethylbenzene 00527-53-7 
1-(1,1-dimethylethyl)-2-methylbenzene 01074-92-6 
1,2,3,4-tetramethylbenzene 00488-23-3 
n-pentylbenzene 00538-68-1 
1-(1,1-dimethylethyl)-3,5-dimethylbenzene 00098-19-1 
naphthalene 00091-20-3 
n-dodecane 00112-40-3 
n-tridecane 00629-50-5 

1.2	 This method is restricted to use by, or under the supervision of, analysts experienced in the use of gas 
chromatographs. Analysts should also be skilled in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method. 

2.0	 Method Summary 

2.1	 This method provides GC/FID conditions for the detection of the target analytes. Exhaust samples are 
introduced to the GC from Tedlar bags by means of gas sampling valves. Separation of the sample 
hydrocarbons takes place in a 60 m 0.32 mm ID WCOT fused silica column. Quantitative analysis is 
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performed by the FID using an external standard approach. The computerized GC data acquisition system 
identifies the hydrocarbons and concentrations are determined by peak area response factors. 

2.2	 Prior to the use of this method, appropriate sample collection techniques must be used. 

2.2.1	 Samples are collected from the exhaust in Tedlar bags. Dilutions may apply and must be 
accounted for in final calculations. 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

5.0	 Interferences and Potential Problems 

5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochenlically induced reactions of any 
reactive hydrocarbons. 

5.2	 Any component present in the sample with a retention time very similar to that of a target hydrocarbon 
would interfere or coelute. If separation cannot be achieved, confirmation of identification should be done 
using a different column for separation, or an alternate detector, e.g., mass spectrometer (MS), 
photoionization detector (PID), etc. 

6.0	 Equipment/Apparatus 

6.1	 GC/FID 

6.1.1	 Gas Chromatograph (GC) - Varian CP-3800 with programmable oven temperatures, 30 mL fixed 
volume injection loop for automated transfer of gaseous samples from the Tedlar bag to the GC, 
and analytical column interfaced with a flame ionization detector (FID). 

6.1.1.1	 GC Column - Varian CP 8870 WCOT fused silica, 60 m x 0.32 mm ID, or equivalent. 
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6.1.2	 Data System - Dell-PC computer with Varian Star software capable of continuous acquisition
 
and storage of all data obtained throughout the duration of the chromatographic program.
 

6.2	 Nitrogen, compressed and liquid. Minimum purity of 99.998 %.
 

6.3	 Helium, compressed. Minimum purity of 99.995 %.
 

6.4	 Hydrogen, compressed. Minimum purity of 99.995 %.
 

6.5	 Air, compressed. "Zero" grade «1 ppmC total hydrocarbon contamination), or better.
 

6.6	 Tedlar bags: SKC, Inc., 5 to 10 L in capacity, or equivalent.
 

6.7	 Super Syringe: Fisher Scientific, 1 L
 

7.0	 Reagents
 

7.1	 NIST-certified SRM or secondary NIST-traceable standards shall be used in all tests. A secondary
 
standard is obtained by a comparison between a SRM and a candidate standard.
 

7.2	 Calibration Standard
 

7.2.1	 The quantitative calibration standard for all target hydrocarbons is propane.
 

Lehner/Martin, Inc. Propane Std. in zero air - 2955 ppbC, or equivalent
 

7.3	 Control Standard
 

7.3.1	 Quality control standard, containing at least n-hexane, benzene, toluene, n-octane, ethylbenzene,
 
m&p-xylene, o-xylene and n-decane at concentrations between 200 and 2000 ppbC based on a
 
propane standard. This standard is used as a daily update of control charts and a daily
 
determination of marker retention time windows.
 

Scott-Marrin, Inc. 23 Component custom blend in nitrogen, or equivalent 

7.4	 A high concentration standard (higher than the calibration standard), containing the target hydrocarbons
 
listed in Section 7.3.1, is used for linearity determinations. The high concentration standard must have
 
concentrations verified against a NIST-traceable propane standard.
 

7.5	 A low concentration standard (5 to 10 times the estimated MOL), containing the target hydrocarbons
 
listed in Section 7.3.1, is used for MOL determinations. The low concentration standard must have
 
concentrations verified against a NIST-traceable propane standard.
 

7.5.1	 In lieu of a low concentration standard, a higher concentration standard may be diluted.
 

8.0 Procedure
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8.1	 Sample collection 

8.1.1	 Specific sample collection procedures can be found in the VOC Sampling Protocol. 

8.1.2	 In general, samples are collected from the integrated bag samples that have been continuously 
filled during the 1200 second transient test cycle. One bag is filled with dilution air, while the 
other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to 
the constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. 

8.2	 GC chromatographic conditions: 

Injection volume: 30 mL fixed loop
 
Injector temperature: -180 C (hold 7.10 min) to 250 C (hold 61.25 min) @ 200 C/min
 
Helium carrier flow: 3 mL/min
 
Nitrogen aux. flow: 27 mL/min
 
Hydrogen flow: 30 mL/min
 
Air flow: 300 mL/min
 
Column temperature: 10 C (hold 9 min) to 250 C (hold 13 min) @ 5 C/min
 
Detector temperature: 300C
 

8.3	 Samples in Tedlar bags are connected to one of sixteen ports on the autosampler and the analytical 
process then begins. 

8.4	 The sample is introduced into the carrier gas stream through the injection valve. 

8.5	 Each separated analyte exits the column into the FlO where a response is generated. 

8.6	 Hydrocarbon concentrations are calculated in parts per billion of carbon (ppbC) by Varian's Star software 
from the NIST-traceable propane calibration standard. 

8.7	 Analytes with concentrations higher than demonstrated in the instruments range of linearity must be 
diluted and rerun. 

8.8	 Peak identification and integration are checked and corrected if necessary by the analyst using the 
following procedure and criteria: 

1.	 The primary peak identification is done by the computer using the relative retention times based 
on reference calibration runs. 

2.	 Confirm that the relative peak heights of the sample run ("fingerprint") match the typical 
fingerprint seen in past sample runs. 

3.	 Compare the relative retention times of the sample peaks with those of reference runs. 
4.	 Any peak with a reasonable doubt is labeled 'Unidentified'. 

8.9	 Target compounds that coelute, with the exception of m&p-xylene, are reported as the major component. 
Due to the difficulty in separation ofm-xylene and p-xylene, they are reported together as m&p-xylene. 

8.10	 The WCOT fused silica analytical column is heated to 250 C to prevent carry over and assure all 
compounds are eluted before the next run. 

8.10.1	 After running a particularly "dirty" sample, the analyst should run a blank before proceeding to 
the next sample as there may be sample carry over, or flush the sampling system with air. 
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9.0	 Calculations 

9.1	 The target hydrocarbon concentrations, in ppbC, are calculated by the data system using propane as an 
external standard. 

Concentration samp1e (PpbC) = Peak Areasamp1e x Response Factor 

where the response factor (RF) is calculated during daily calibration by: 

RF = Concentration of propane standard (PpbC) 

area of propane peak 

10.0	 Quality Control/Quality Assurance 

10.1	 Instrument Blank Run 

10.1.1	 An instrument blank of pure nitrogen is run each analysis day. All target hydrocarbon 
concentrations from the blank analysis must be below the method detection limit' (MDL) before 
the analysis may proceed. 

10.1.1.1	 If the blank shows a peak greater than the MDL in the region of interest, the 
source of contamination must be investigated and remedied. 

10.2	 Calibration Run 

10.2.1	 The calibration standard is analyzed each analysis day to generate the response factor used to 
quantify the sample concentrations. 

10.3	 Control Standard Run 

10.3.1	 The quality control standard is analyzed at least once each analysis day. Measurements of all 
compounds specified in Section 7.3.1 must fall within the control limits to ensure the validity of 
the sample analyses that day. To meet this requirement, it may be necessary to inspect and repair 
the GC, and rerun the calibration and/or control standards. 

10.4	 Control Charts 

10.4.1	 A quality control chart is maintained for each component of the control standard listed in Section 
7.3.1, and is performed for new instruments, after making instrument modifications that can affect 
recovery, and at least once every year. The control charts, used on a daily basis, establish that the 
method is "in control." The following describes how to construct a typical control chart: 

1.	 Obtain at least 20 daily control standard results; 
2.	 Calculate the control standard mean concentration and standard deviation for the target 

hydrocarbon; and 
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3.	 Create a control chart for the target hydrocarbon by placing the concentration on the Y
axis and the date on the X-axis. Establish upper and lower warning limits at either two 
standard deviations (2s) or 5 percent, whichever is greater, above and below the average 
concentration. 

4.	 A control standard measurement is considered to be out-of-control when the analyzed 
value exceeds the control limit or two successive control standard measurements of the 
same analyte exceed the warning limit. 

5.	 If 20 control standard measurements are not yet available to create a control chart (e.g., 
the control standard was expended and replaced prior to obtaining 20 points with the new 
standard), measurements must be within 15% relative standard deviation (RSD) of the 
certified concentration. If the control standard is not a NIST standard, the cylinder should 
be certified by the laboratory against a NIST standard. 

The measured concentrations of all target hydrocarbons contained in the control standard must be 
within the control limits (in control) for the sample results to be considered acceptable. 

10.5	 Duplicates 

10.5.1	 A duplicate analysis of one sample is perfonned at least once per analysis day. The relative 
percent difference (RPD) is calculated for each duplicate run: 

RPD (%) = Difference between duplicate and original measurement x 100 

Average of duplicate and original measurement 

For each compound specified in Section 7.3.1, the allowable RPD depends on the average 
concentration level for the duplicate runs, as shown in the following table: 

Average Measurement for the Duplicate Runs Allowable RPD (%) 
1 to 10 times MDL 100 
10 to 20 30 
20 to 50 " 20 
Greater than 50 15 

If the results of the duplicate analyses do not meet these criteria for all compounds specified in 
Section 7.3.1, the sample may be reanalyzed. If reanalysis is not feasible or if the criteria are still 
not met on reanalysis, all sample results for that analysis day are invalid. 

10.6	 Linearity 

10.6.1	 A multipoint calibration to confirm instrument linearity is performed for the target hydrocarbons 
in the control standard for new instruments, after making instrument modifications that can affect 
linearity, and at least once every year. The multipoint calibration consists of at least five 
concentration or mass loading levels (using smaller or larger volume sample sizes of existing 
standards is acceptable), each above the MDL, distributed over the range of expected sample 
concentration. A linear regression analysis is perfonned using concentration and average area 
counts to detennine the regression correlation coefficient (r). The r must be greater than 0.995 to 
be considered sufficiently linear for one-point calibrations. 

10.7	 MDL 
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10.7.1	 The MDL for the target hydrocarbons in the control standard must be determined for new 
instruments, after making instrument modifications that can affect linearity and/or sensitivity, and 
at least once every year. To make the calculations, it is necessary to run at least seven replicate 
determinations at a concentration of 5 to 10 times the estimated MDL. The MDL is calculated 
using the following equation: 

MDL=txs 

where s is the standard deviation of the replicates and t is the t-factor for 99 percent confidence 
for a one-sided normal (Gaussian) distribution. The number of degrees of freedom is equal to the 
number of replicates, minus one. An abbreviated t-table is: 

Degrees of Freedom t-value 
4	 3.7 
5	 3.4 
6	 3.1 
7	 3.0 

10.7.1.1	 The maximum allowable MDL for each compound is 1 ppbC. The calculated 
laboratory MDL must be equal to or lower than the maximum allowable MDL.. 
All peaks identified as target compounds that are equal to or exceed the 
maximum allowable MDL must be reported. If the calculated laboratory MDL is 
less than the maximum allowable MDL, the laboratory may choose to set its 
reporting limit at the maximum allowable MDL, the calculated laboratory MDL, 
or any level in betw~en. 

10.7.1.2	 For the purpose of calculating the total mass of all species, the concentrations of 
all compounds below the MDL are considered to be zero. 

10.8	 Method 1002/1003 Crossover Check 

10.8.1	 A crossover check is analyzed at least once each analysis day, and is performed by choosing a 
compound from a sample to be measured and compared by both Method 1002 and 1003. The 
crossover compound shall be a compound that can reasonably be expected to be found and 
measured by both methods in the laboratory performing the analysis. The maximum relative 
percent difference (RPD) allowed from the results obtained by the two methods is 15%. 

11.0	 References 

11.1	 California Environmental Protection Agency, Air Resources Board, Method 1003, Revision IV, July 2002 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous enlissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of20 minutes. Modes 1, 2, 3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 Dilute exhaust samples are collected from the dilution tunnel. 

2.0	 Method Summary 

2.1	 Samples analyzed for aldehyde and ketone compounds (carbonyls) are collected continuously by pulling 
the dilute exhaust from the dilution tunnel, using a Teflon diaphragm pump, through a series of two 
DNPH cartridges. 

2.2	 The absorbing solution (2,4-DNPH) complexes the carbonyl compounds into their diphenylhydrazone 
derivatives. 

2.3	 Once received by the laboratory, cartridges are eluted with 5 mL acetonitrile and analyzed via high 
performance liquid chromatography (HPLC). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in DNPH-impregnated cartridges. 

4.2	 DNPH cartridges must be sealed and refrigerated, at a temperature less than 40° F, upon receipt from 
manufacturer, until ready for use. 

4.3	 If samples are not analyzed the same day as collected, they must be refrigerated at a temperature below 
40° F. 

4.4	 Refrigerated samples are stable for up to 30 days. 
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5.0	 Interferences and Potential Problems 

5.1	 To decrease the chance of background contamination variables and oxygenated impurities, DNPH
impregnated cartridges are used rather than impingers. 

6.0	 Equipment/Apparatus 

6.1	 Sep-Pak® DNPH-impregnated cartridges: Waters Corporation, or equivalent 

6.2	 Digital flow meter: Dwyer Instruments, Inc., or equivalent. 

6.3	 Teflon diaphragm vacuum-pressure pump: MFG Corp., or equivalent. 

6.4	 Sampling Train Schematic 

6.4.1	 8' Gas line from the tunnel to the PAH/ALD sampling system is as follows: 

6.4.1.1	 Siltek®/Sulfinert® treated ~" 316L grade stainless steel tubing: Restek, or equivalent. 

6.4.2	 After the "T" connection, all ALD sampling line is ~" Teflon tubing. 
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7.0	 Procedure
 

7.1	 Sample collection
 

7.1.1	 Two DNPH cartridges connected into the sample flow path.
 

7.1.2	 Dilute exhaust samples are collected onto the DNPH cartridges by turning on the power to the
 
Teflon diaphragm pump.
 

7.1.2.1 For transient test cycle sample collection, the Teflon diaphragm pump is turned on for the
 
duration of the 1200 second emission test.
 

7.1.2.2 For steady state cycle sample collection, the Teflon diaphragm pump is turned on for 3
 
minutes at the end of modes 1,2,3 and 8; and 2 minutes at the end of modes 4,5,6 and
 
7. 

7.1.3	 The flow rate through the ONPH cartridges should be 1 L/min.
 

7.1.3.1	 Flow rate should be continuously monitored and adjusted if necessary during sampling.
 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations.
 

7.1.5	 DNPH cartridges are refrigerated immediately after sample collection, below a temperature of 40°
 
F, until analyzed by HPLC.
 

8.0	 Calculations
 

8.1	 Volumetric flow conversions are as follows:
 

1SCFM = 0.0283 m3Imin = 28.317 L/min 

9.0	 Quality Control/Quality Assurance
 

9.1	 Tunnel Blank Sample
 

9.1.1	 A tunnel blank sample must be collected each analysis day. If the tunnel blank shows a peak
 
greater than the method detection limit (MOL) in the region of interest, the source of the
 
contamination must be investigated and remedied. 00 not subtract the blank value from the
 
sample value.
 

9.2	 Field Blank Sample
 

9.2.1	 At least one cartridge per batch is analyzed as a field blank. If the cartridge blank shows a peak
 
greater than the method detection limit in the region of interest, the source of the contamination
 
must be investigated and remedied.
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9.3	 Leak Checks 

9.3.1	 Sampling Train 

9.3.1.1	 A leak check must be performed each analysis day to ensure correct sampling system 
flow rates. 

9.3.1.2 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

9.3.1.3 Flow rate must be kept within 0.2 Llmin of the set sampling flow rate of 1 L/min. 

9.4	 Flow Rates 

9.4.1	 The flow rate into the DNPH cartridge is controlled with a digital flow meter. The flow rate over 
the transient or steady state emission test cycle is 1 L/min. 

10.0	 References 

10.1	 Desert Research Institute, DR! Carbonyl Sampler, 1-710.3, Revision 03, June 1997. 
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1.0 PURPOSE/APPLICABILITY 

This analytical method applies to dinitrophenylhydrazine-impregnated cartridges through 
which air sanlples have been passed for the collection of carbonyl compounds. Carbonyl 
compounds react rapidly with 2,4-dinitrophenylhydrazine (DNPH) in acidic media to form 
yellow to orange-colored hydrazones. The color depends on the type ofcarbonyl compound, 
and the amount of the product fonned is dependent on the quantity of carbonyl compound 
provided to the reagent. 

Samples are collected by drawing a known volume of air through the DNPH-impregnated 
cartridges. These exposed cartridges are then returned to the laboratory for isolation, 
separation, and quantification of the hydrazone products by high-performance liquid 
chromatography (HPLC). The ambient air concentration of various carbonyl compounds is 
determined from the quantity of the associated hydrazones found in the exposed cartridges 
and the volume of air samples. Typically C t -C6 carbonyl compounds, including 
benzaldehyde, are measured effectively by this technique, with a detection limit of r-.J 0.1 
ppbv. 

This method follows the procedure described in EPA Method TO-IIA (January 1997, 
EPA/625/R-96/0 lOb). 

2.0 MATERIALS/APPARATUS 

2.1 DNPH Cartridges 

Waters Sep-Pak XPoSure Aldehyde Samplers are purchased from Waters (WAT047205) 
and sampled directly from the manufacturer without need for laboratory preparation. 

3.0 SAMPLE ANALYSIS 

Aldehydes collected in the cartridge (as the hydrazones) are eluted with acetonitrile and the 
eluent is analyzed using reverse phase high performance liquid chromatograph (HPLC) 
(Fung and Grosjean, 1981). Gradient elution is used with a sufficiently polar mobile phase 
for the separation of acetone, acrolein, and propanal. The mobile phase polarity is then 
decreased steadily to allow the elution of the higher aldehydes. 
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3.1 Sample Shipping/Storage 

The cartridges are returned to the laboratory in secondary aluminum envelopes provided by 
the nlanufacturing, labeled with unique Project Media Identification (PMI) numbers, in a 
cooler at 4°C. In the laboratory, they are stored in a refrigerator until analysis. The time 
between sampling and extraction should not exceed two weeks. Sample elutes are stable at 4 
°C for up to one month. 

3.2 Sample Preparation 

Uncap the cartridge and place it in a small test tube holder. Elute the cartridges with 2 ml of 
acetonitrile into a volumetric flask and transfer into a septum vial. Cap the vial and write the 
cartridge number on the side using a pennanent marker. If not analyzed the same day, place 
the extracts in a clean refrigerator. 

3.3 Standard Solutions 

Prepare stock solutions of the hydrazone standards provided by AccuStandard in acetonitrile 
at carbonyl concentration of 5 J.lg/rilL. 

Dilute the stock standards to obtain working solutions in the range of 0.1 to 10 J.lg/mL 
concentrations for most applications. Higher concentrations may be needed occasionally if 
the air carbonyl concentrations exceed ---20 ppb during sampling. At least three 
concentrations of working standards bracketing the sample concentrations should be 
prepared for the calibration. 

A secondary standard from Restek is used to verity the calibration. 

3.5 Instrument Conditions 

The HPLC instrument is a Waters 2695 Alliance Separation Module with a photo diode 
array (PDA) detector with Empower software. Data are collected between a wavelength 
range of 190-450 om. 
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Water Alliance 2695 Gradient Acquisition Method for Carbonyls 

Solvent A: 100% HPLC Water 
Solvent B: 100% Optima Acetonitrile 
Solvent C: 100% Optima Methanol 
Column: Polaris CI8-A, 4.6xI5, 3um 
Detector: PDA, 360nm 

Table 1. Gradient elution solvent conditions. 
Time (min) Flow (mL) %A °loB 
0.01 1.50 70.0 30.0 
1.00 1.50 70.0 30.0 
20.00 1.50 60.0 40.0 
32.00 1.50 55.0 45.0 
41.00 1.50 37.0 63.0 
45.00 1.50 37.0 63.0 
50.00 1.50 30.0 70.0 
55.00 1.50 70.0 30.0 

The column is conditioned with 50:50 water/methanol for 10 minutes at the end of each 
sequence. 

3.6 Calibrations 

Following the Millenniun132 3.20 PDA document, five calibration standards are analyzed 
using concentrations in Table 2 (see Figures 2 for example of calibration curve). The curve 
is forced through zero and is acceptable with a R2 ~ 0.95. A secondary standard from Restek 
is used to verify the calibration. 

Once the linear response factor has been documented, an intermediate concentration 
standard near the anticipated level of each component (but at least ten times the detection 
limit) is used for a daily calibration check standard. A sample chromatogram is shown in 
Figure 1. 

3.7 Data Acquisition and Processing 

The calibration equation below is used to determine the amount of carbonyls in the samples 
(this step is performed by the HPLC baseline data system). 
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Table 2. Calibration Levels 
Level 1 Level 2 Level 3 Level 4 Level 5 

Cone. (ug/mL) 1 0.5 0.25 0.1 0.025 
Formaldehyde 7.036 3.518 1.759 0.703 0.351 
Acetaldehyde 5.13 2.565 1.282 0.513 0.256 
Acetone 4.1 2.05 1.025 0.41 0.205 
Acrolein 4.366 2.183 1.091 0.436 0.218 
Propionaldehyde 4.113 2.056 1.028 0.411 0.2055 
Crotonaldehyde 3.57 1.785 0.892 0.357 0.178 
2-Butanone (MEK) 3.5 1.75 0.875 0.35 0.175 
Methacrolein 3.57 1.785 0.892 0.357 0.178 
n-Butyraldehyde 3.51 1.755 0.877 0.351 0.1755 
Benzaldehyde 2.7 1.35 0.675 0.27 0.135 
Valeraldehyde 3.122 1.561 0.78 0.312 0.156 
Glyoxal 0.92 0.46 0.23 0.046 0.023 
m-Tolualdehyde 2.506 1.253 0.626 0.25 0.125 
Hexaldehyde 3.116 1.558 0.779 0.311 0.155 

3.8 Calculations 

x 1000 

where: 
CA concentration ofanalyte (ng/L) in the original sample 
Wd total quantity of analyte (Jlg) in sample, blank corrected 

where: 
W Concentration ofanalyte in the cartridge (Jlg) 
VE final volume (ml) of sample extract 
Vm total sample volume (L) under ambient conditions 
Vs total sample volume (L) at 25°C and 760 mm Hg 
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The analyte concentrations can be converted to ppbv using the following equation: 

24.4 

CA (Ppbv) 
MWA 

where: 
concentration ofanalyte in parts per billion by volume 

is calculated using Vs 

MWA molecular weight ofanalyte. 

3.9	 Quality Control 

After calibration, an intermediate concentration calibration check standard is analyzed every 
10 samples with a ±10% recovery. 

3.9.1	 Blanks 

At least one field blank or 10% of the field samples, whichever is larger, should be shipped 
and analyzed with each group of samples. The field blank is treated identically to the 
samples except that no air is drawn through the cartridge. 

Instrument blanks are analyzed after high concentrations. 

3.9.2	 Method Precision and Accuracy 

10% of the samples are analyzed twice for replicate precision which typically falls within 
±10%. 

4.0	 REFERENCES 

Fung, K., and D. Grosjean (1981).	 "Determination of Nanogram Amounts of Carbonyls as 
2,4, dinitrophenylhydrazones by High Performance Liquid Chromatography." 
Ana/y. Chem., 53, 168. 

u.S.	 EPA, "Method TO-IIA: Determination of Formaldehyde in Ambient Air Using 
Adsorbent Cartridge Followed by High Performance Liquid Chromatography 
(HPLC) [Active Sampling Methodology]," EPA/625/R-96/010b, in Compendium 
ofMethods for the Determination ofToxic Organic Compounds in Ambient Air. 
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Winberry, W.T., Jr., N.T. Murphy, and R.M. Riggan (1988). Method TOll in Compendium 
of Methods for the Determination of Toxic Organic Compounds in Ambient Air. 
EPAl600/4-89/017, U.S. Environmental Protection Agency, Research Triangle Park, 
NC. 
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Sample Report
 
Reported by User. Katarzy na Rempala Project Name: API_Winter2004 # of Results: 5 

SAMPLE INFORMATION
 

Sample Name: 0404klve12 
Sample Ty pe: st8nd~a' 
Vial: 3 
Injection #: 1 
Injection Volume: 20.00 ul 
Run Time: 55.0 Minutes 
Sample Set Name API_040505 

Acquired By:
 
Date Acquired:
 
Acq. Method Set:
 
Date Processed:
 
Processing Methoc
 
Channel Name:
 
Proc. Chnl. Oeser.
 

Katy 
41612005 3:56:28 PM 
Polaris 3um MS 
4/7/2005 11 :09:16 AM 
PoIaris0405PM 
Extract 360.0 
PDA 360.0 nm 

0.010-j 

0.008-1:>. 
< 

0.000,: 

0.004; 

0.002-1 

o.oo~--r-- ~.;.,,:-__ -~~----.L-J~-+--.J.-. ~--~ 'Z:t.~-~-~~~~~----_-4 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 PDA Match2 
Speet. Name 

Match2 

1 Formaldehy de 10.993 233572 3.518 uglml Formaldehyde 0.851 

2 Acetaldehy de 15.985 176681 2.565 uglml Acetaldehy de 5.705 n-Buty raldehy de 5.709 

3 Acetone 21.825 137633 2.050 uglmf Acetone 1.322 2-Butanone (MEK) 1.870 

4 Acrolein 23.077 167748 2.183 uglml Acrolein 1.085 Methac~ein 3.072 

5 Propionaldehy de 25.096 129540 2.056 uglml n-Buty raldehy de 1.448 Acetaldehy de 1.653 

6 Crotonaldehy de 31.133 114907 1.785 uglml Crotonaldehy de 1.065 Mefhacrolein 6.077 

7 2-Butanone (MEK) 32.531 102244 1.750 ugIml 2-Butanone (MEK) 1.621 Acetone 2.927 

8 Methacrolein 33.490 122150 1.785 uglml Methacrolein 3.741 Acrolein 5.489 

9 n-Buty ratdehy de 34.352 112621 1.755 uglml n-Buty raldehy de 3.275 Valeraldehy de 3.330 

10 Benzaldehy de 38.329 82427 1.350 ug/ml Benzaldehy de 1.003 m-Tolualdehy de 3.987 

Report Method: Multi Sample Summary fOi Printed 11:25:44 AM/712005 PaQe: 3 of 10 

Figure la. Chromatograph of Level 2 standard. 
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Sample Report
 
Reported by User: Katarzy na RempaJa Project Name: API Winter2004 # of Results: 5 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 
PDA Match2 
Spect. Name 

Match2 

11 Valeraldehy de 40.097 97770 1.561 uglml Valeraldehy de 5.956 n-Buty raldehy de 6.388 

12 Glyoxal 40.469 21352 0.460 uglml 

13 m-Tolualdehy de 41.865 70294 1.253 uglml m..Tolualdehy de 0.975 Benzaldehy de 3.809 

14 Hexaldehy de 43.659 84775 1.558 ug/ml Hexaldehy de 
._- _ .. --

1.304 Valeraldehy de 1.531 

Figure lb. Chromatograph of Level 2 standard. 
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r�ia L_c_c_al_ib_r_at_io_n_R_e_p_o_rt_v_e_r_1 
Reported by User: Katarzyna Rempala (Katy) Project Name:API~W.lnter2004 

Processing Method: ROJarls0405PM Project Name: AP'_Winter2004 

Processing Method 10 1175 System: W2695 

Calibration 10: 1159 Channel: Extract 360.0 

Date Calibrated: 4l712.00511:-1ai:37'AM Proc. Chnl. Oeser.' :PDA 360~O'iim 

500000~ 

400000~j 

300000--1 

ro 
e 
<! 

200000-~ 
J 

100000--} 

01 

-100000-·L...- . 
j ••• , I I • • ~ • • -. • t ' • 1 

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
Amount 

Name: Formaldehyde; RT: 11.360; Fit Type: Linearthru Zero; Cal Curve Id: 1160; R: 0.999224: 
RI2: 0.998448; Weighting: None; EQuation: Y =6.84e+OO4 X 

Figure 2. Calibration curve for formaldehyde. 
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I INTRODU'CTlON 

I The first article of this issue 1s by Rick McKelvey of the Canadian Wildlife 

I 
.Service. Rick 'summarizes the oiled-bird pr-oblem and gives details on how to build a 
portable ho,t-water system for cleaning 'birds. The seco'nd article summarizes spill 
statistics for Atlantic Canada over the past fourteen years. The trends and significant 
occurrences are reviewed. 

The third' article is by Merv Finga's and. Ed Tennyson who. review their joint

I U.S. and Canadian project to evaluate Elastol and Demousslfier, two new spill treating 
agents. Both agents functioned well over a series of tests ranging from laboratory to 
large field scale. . 
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I EVALUAnoN OF TWO NEW OIL SPILL CHEMICAL ADDITIVES: ELASTOL AND 
DEMOUSSIFIER 

I Submitted by: Merv Fingas 
Environment Canada' 
Ottawa, Ontario 

I Ed Tennyso'n .' 
u.s. Minerals Management Service 
Reston, Virginia

I 
Introduction 

I 
I . A new oil spill treating agent, Elastol, has been developed for enhancing the 

recovery potential of oil. When added to oil, the powder renders oil visco-elastic making 
it adhesive to oil spill recover·y equipment. Elastol· is composed of a non-toxic polymer, 
p.olyisobutylene and is hydrophobic and not water soluble. A major study was undertaken 

I 
jointly by the U.S. Minerals Management Service and. Environment Canada to evaluate this 
new spill additive~ Laborator.y testing was done and .studies were conducted in large-scale 
test tanks and in a ~ajor field exercis~ off Canada l s east c~ast. 

I 
At the same time, another new spilJ treating agent, demoussifier, was tested 

in large outdoor tanks and at sea. This product, which also consists of a mixture of long
chain polymers. which h'ave no measurable toxicity to humans or to aquatic life, was 
developed at Environment Canada's River Road Labs. The product breaks up water-in-oil 
emulsions and prevents their formation.

I Laboratory Testing of Elastol 

The laboratory work on ·Elas·tol invoJved several different tests. The effect on 

I 
I a suite of different oils was "determined py measuring the time to initiate 'change" and the 

degree of. elasticity formed. These oils :included: Prudhoe Bay, Alberta Sw~et Mix Blend, 
Norman Wells, Bent Hor"n", Hiber.nia, Tarsiut, Atkinson, Amauligak crudes, diesel fuel and a 
Bunker C mix. All oils displayed viscoeleastic properties when treated with doses of 

I 
600 to 6000 ppm Elastol. In general, more viscous oils tended to attain a higher degree of 
elasticity than non-viscous oils, but did so" over a longer period of time. No simple 
correlation could be established between an oil property and Elastol effectiveness. 
Elastol effectiveness is enhanced by mixing and ·by higher temperatures, although the 
latter may be the effect of decreasing oil viscosity. 

I . Under low mixing energy conditions, oils exhibited some degree of elasticity 

I 
within 1.5 min"utes of Elastol application. A high degree of elasticity was not observed 
until after one hour. Less viscous oils too'k less time ·to reach l}1aximum elasticity and 
viscous oils more time. If left to weather, .Elastol-treated oil became more elastic with 

I. 
the increasing viscosity of the oil. In fact, some samples left for 3D-day periods became 
elastic as rubber bands solq for stationery purposes. This effect has been ascribed to the 
effect of the increasing viscosity of the oil with weathering (evaporation) and not the 
progressive reaction of the Elastol. 
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I Elastol causes a minor reouction in the rate of oil evaporation, but not 

I 
significant enough to reduce its flash point. Elastol reduces slick spreading to a limited 
degree, especially at high cOncentrations. This effect, about 20%, is not believed to have 
a significant useful benefit by itself in real applications. When Elastol is applied in very 
large doses, >1%, the slick would actually contract somewhat, but again, the effect would 
not be beneficial in a field situation. 

I The addition of Elastol either had no effect or an inhibiting effect on the 

I 
formation' of water-in-oil emulsions, except in the case of the Amauligak and Tarsiut oils 
from the Beaufort Sea region. In two cases,. the application of Elastol to emulsified oil 
actually led to measurable de-:emulsification. Application of Elastol to stable water-in-oll 

I 
emulsions sometimes had little effect. Testing with commercial de-emulsifiers and the 
Environment Canada "demoussifler", showed that Elastol,had no effect on the operation' of 
these chemicals and that they could b~ used together. . . 

Elastol reduces chemical dispersant effectiveness by as much as one ·order of 
magnitude. Elastol also reduces natural dispersion of oil into water by as much as three

I , orders of magnitude. This property, while 5uperf.icially appearing negative, is actually 
quite' useful. If Elastol was used· in situations where the aquatic life is very' sensitive and 
important, it could· reduce water concentrations of the oil in the w:ater to threshold,levels. 

I 
I 'Elasticity was measured using a die swell apparatus in which ·oil is pushed 

through a small opening and the fluid responds by 'swelling to a size corresponding to its 
elasticity. This is measured by photographing the swell, measuring it with· a vernier 
caliper and comparing untreated versus· treated oil to yield a ratio which is described as 

I 
"elasticity" in this paper. The instrument displayed good sensitivity to polymer 
concentration and to the degree of observed elasticity. This instrument could also be used 
in field conditions and 1s ,relatively insensitive to debris and water in the oil. 

Tank Scale Testing of ~lastol and ~ernoussifier 

I An application device was developed for each of the two products, as 
commercia;! devices do not exist for delivering treatments at the low ratios required. 
Elastol w~uld be tested at 500 to 5000 ppm and demou5si£ier would be tested at 150 to

I 2000 ppm. A searGh of. commercial devices revealed that nothing suitable was. available 

I 
off-the-shelf but that sandblaster-type equipment. could be satisfactorily modified. A 
commercial blaster (Sears) was modified so that it could s.pray low quantities. One 
modification was ne·cessar·y for the solid Elastol, and another for the liquid demoussifier. 
The modified applicator was tested on each product to ensure that uniform s-pacial 
distribution was achieved and that application rates could be controlled over the 
necessary range by adjusting the air pressure when applying the. product fr~m a boat

I travelling' at approximately 3 knots. A series of test tank runs .were performed to ensure 

I 
that results obtained previously with hand distribution techniques and with pre-mixing 
were duplicated with the new applicators. Success was achieved in all cases, and no 
detrimental effects, were observed during application of either product, such as herding 
and othet:" phenomena that have decreased the field effectiveness of dispersants so 
dramatically (Bobra et al., 1988). 

I 
SPILL TECHNOLOGY NEWSLETTER April-June, 1988

I 



,I 
II 42 

II Part of this study involved large-scale tank testing of both products using the 
Esso tank in Cal·gary, Alberta. The tank measures 15 x 19 m with a depth of 0.8 to 2 m. 

II 
Two test days were devoted to. demoussifier and two to Elastol. Testing was performed in 
two boomed areas inside the tank. This permitted the simultaneous testing of a control 
and a treated slick under identical conditions. The demoussifier prevented the formation 
of water-in-oil emUlsions on both test days ~d did so at ratios as low as 1:.2000 (500 ppm). 

II Elastol was added to a· test crude oil at 4000 -ppm and the test slick was 
released several hours later when the oil was highly elastic. Despite this high elasticity, 

I 
the oil was not thick enough to burn. The .oil was recovered by a rotating disk skimmer 
and the effect of Elastol was to increase the recovery rate of this unit significantly. In 
fact, the pump could not keep pace with.all the oil being recovered. ·On the fourth day of 
testing, crude oil was treated with 2000 ppm of Elastol and recovered with a skimmer.I 
The recovery rate was again l)i.gh and exceeded the capacity of the pump to remove it.

I On this particular ·day, the oil in the untreated boom had formed an emulsion. This was 

I 
trea;ted. with demoussifier as was the Elastol-treated slick. The demoussifier broke the 
emUlsion in the .:iJntreated slick and no emulsion formed in the treated slick, nor were any 
other effects noted. ·During the first two trial days, the use of demoussifier reduced the 
effectiveness of the recovery operation significantly. It was concluded, therefore, that on 
a preliminary basis, demoussifier ·and Elastol could be used together to enhance recovery 
and eliminate emulsion. . .

I 
I 

The tank scaJe tests showed that there were no scaling effects for either the 
Elastol or the demoussifier. Both products worked well for the intended putpose. Elastol 
increased the visco-elastidty of the oil and ··greatly increased the r·ecovery by the oil 

I 
skimmer. Elastol, however, did not reduce the spreading or increase the thic.knes·s of the' 
slick sufficiently to allow in-situ burning. Demoussifier .prevented the formation' of 
water-in-oil emulsion and also broke emulsion already formed. Although demoussifier 
causes the oil to be less adhesive and lowers the recovery rate of skimmers, the two 
products can be applied together to achieve positive results. 

I Large-scale Field Testing 

.. The· tests ··co·nducted in the tank were repeated on five-barrel slicks during a 
field trial 50 miles ·offshore of Nova S·cotia (Seakem, 1988). Five slicks were laid for each 

I 

1\ of the products and each product was tested both premixed and by. application-at-sea, to 
confirm that application effects were not a factor. The treatments an.d results of the 
trial are summarized in Table 1. 

I 
The demoussifier trials were performed by laying down a five-barrel oil slick, 

treating it with the product at the specified ratio, taking samples at subsequent intervals 
and measuring the water content and the viscosity. One slick was left untreated 

I 
throughout as a control and another sIick·was left to form mousse (water-in-oil emulsion) 
and then treated at the 240-minute interval to test the demoussifier's .ability to break 
emulsion at sea. As c~ be seen by dramatic reduction in viscosity (l05 000 to 22 600 cSt; 
1050 to 226 cm2js) over the 3D-minute period between samples, the product worked well 
in breaking up the emulsion. 

I The product also worked well over the five-hour test period to prevent the 
formation of emulsions. T·his is illustrated in Figure 1 which also shows that there is a 
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TABLE I TREATMENTS AND RESULTS OF TRIALS 

Sample I Sample 2 

Treatment Time Viscosity Water Time Viscosity Water 
Trials Slick (ppm) (min.) (cSt)· Content Elastidty Commenu (min.) (cSd' . Content Elasticity Comments 

Demoussifler 1000 60 10000 No mousse 300 142'0 CJO$ No mousse'''96 formed noted 
2'0 '0 2700 '4% No mousse )cO 62 2'0 93C16 No mouS$C 

formed noted 
control 60 , )'0 8196 Heavy mousse 270 )20 000 9'9ft Heavy mousse 
post-4000 60 2200 7296 Moderate mousse pre-2tfO 10' 000 9096 Heavy mousse 

I' 
pos1-270 22 600 7SCJ16 Treatment broke 

mOUS5e 
pre-lOOO 970 3296 No mousse 280 38 JOO 8096 No mousse 

formed formed 

Elastol 3000 130 29300 I..n Moderately 280 JOO 000 1.3.5 Highly elas tic 
elastic 

1000 1'" 32 2'0 1.21 Low elasticity 280 228 000 1.33 Moderately 
elastic 

control 1.3.5 187000 0.99 No ,elasticity, 290 242 000 0.99 No elasticity, 
widespread widespread 

9 9000 120 93000 1.99 High elasticity 3.30 696 000 2.63 Super elastic 
10 pre-JOOO 11' 170500 !.3.5 Moderate' 3., 1'6 000 1.'7 . HighlyellUtic 

elastidty . 1 CSt = 1 x 10-2 cm2/s 

strong correlation betwee'n the viscosity and the amount of treatment. The greater the 
, treatment, the less the viscosity, because of .the lesser water content. The water content 
was universally high, ~ven in those slicks that visibly did not form water-in-oil emulsions. 
Although water content is indicative of the formation of water-in-oil emulsification, the 
stability of the emulsion would ·have to be determined because the unstable emulsions lost 
water slowly. The water content of the slicks is interesting in that· all the slicks laid ov,er 
the two day test period rapidly took tip water, incluqing those slicks. that were treated 
with Elastol. This was noted despite the fact that the oil viscosity was higher, although 
not as high as that expected from an emulsion, and the oil did not have the appearance of 
an emulsion" The appearance of the unemulsified oil is also significant, the water droplets 
were often' of sufficient size to be seen. An emulsion is reddish-brown in colour, has a 
high viscosity and the water droplets are too small to be seen. 

The Elastol tests were performed in an analogous. manner, with one control 
slick laid and one slick being pr'etreated to test the effect of at-sea treatment. The slicks 
were sampled periodically, and both viscosity and elasticity were measured Immediately 
on board the ship_ 

The· high elasticity of the treated slicks was significantly higher than that of 
the untreated slicks and corresponded to that experienced in· the laboratory, in fact, as 
show'n in Fig~re 2, it actually exceeded laboratory results at the higher doses. This 
unexpected result is probably due to the better- mixing achieved, in. the field situation. 
Interestingly, the dose and elasticity in the field appear to be linear, a phen menan that 
had not been noted previously. 

The elasticity oJ the oil was sufficient to cause stringing of the oduct when 
samples were recovered. This is indicative o~ a very high state of elastici and would 
result if' high oil recovery rate's if a skimmer was used. The elasticity ap ared to' be 
uniform throughout the slicks despite' the typ.ical uneven distribution of trea ng agent at 
sea. 
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 FIGURE 1 THE EFFECT·OF ·DEMOUSSIFIER APPLICATION ON VISCOSITY
 

The slicks were monitored by a remote sensing aircraft, but the analysis of 

I slick areas was not complete at the time of writing. Slicks treated with Elastol, however, 

I 
appeared to be smaller to shipboard observers and the size of the slick appeared to 
correlate well with the amount of Elastol. In fact, one was able to distinguish slicks by 
their size, with th.e 9 OOO-ppm-treated slick being the smallest. 

Summary and Conclusions 

I 1. Elastol functioned w~11 in the laboratory, test tank and in field. situations; it caused 
oil to become viscoelastic in all applications. 

I 2. Elastol is able to float with and mix with oil so that application is not critical as "it 
is with dispersants. 

I 3. Demoussifier has the same application insensitivity as Elastol. 
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I 
~.	 The effects of Elastol improves oil skimmer recovery. 

I 5. Elastol .r.etards slick spreading; however, this effect, for physical reasons, is not 
sufficient for countermeasures purposes such as in-situ burning of oil on water. 

I 6. The demoussifier prevented' emulsion in the test slicks over the five-hour test 
period. 

7.	 The demoussifier broke water-ln-oil emulsions in 10 to 15 seconds after application.

I 8.	 Results of field application such as herding and loss of effectiveness, seen with 
dis~ersants, were. not noted at all with either product. 

I 
I 9. Water content is not a good indica~or of mousse formation as all slicks at the 

offshore trial accumulated a large amount of water. Stable mousse· formation is 
indicated by a stable water content, small water droplet s"ize, red colouring and a 
very high viscosity. .. . : 
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Nt 'E M 0 RAN DUM 

TO: AU 

FROM: AI Hadermann 

DATE:. July 7, 1992 

SUBJECT: Elastoi ~ Corals and .Seagrasses (with footnote) 

Anitra Thorhaug* has tested Elastol powder and various weathered oils for toxicity to 
seagrasses and corals. Tests were conducted on species in "50 gallon glass tanks 
containing 100,000 ml of seawate(. Tests were run at 0.00125%, 0.0075% and 0.01235% . 
oil, i.e., 'approximately 1.25 ml, 7.5 ml and 12.5 ml. When Elastol was added it was 
used at 10 mg, or 0.010 g. This corresponds to treatment concentrations of 
approximately ~,OOO~ 1,333 and 800 ppm for 1.25 ml, 7.5 ml,and 12.5 ml of aU, 
respectively. Although the Elastol was not used as a slurry, and overtreatment obviously 
occurred at the 12.5 ppm oil level, the results showed that Elastol treatment reduced the 
toxicity of the oil. 

The exposure times to oii and oil and Elasto1 ~ere 6 and 10 hours for coral and 
seagrasses, and 10 hours for m.angroves. Agitation" was provided by air bubbling. The 
seawater was replaced after. the incubation (exposure) time. 

Dr. Thorhaug reported that 
. . 

" "The corals continued with their polyp feeding patterns with the Efastol-oil mixture 
in the tank. This was'an extraordinary ~It compared to the other compounds used 
in the test which were a variety of dispersed-oil products." 

Irfhe quantitative data for the various concentrations and various oils show that the 
oil plus the Elastol at concentrations at 125 ppm were appreciably less toxic than oil 
alone for corals and'seagrasses. u 

Since oH alone at 125 ppm did not affect mangroves, no basis for improvement with 
Elastot 'was seen. 

tn' Summary, Dr. Thorhaug states: 

"The toxicity of oil aJone was definitefy greater than the Elastol treatments in almost 
all ·the concentrations tested.· 

*Anitra Thorhaug is a researcher· at Florida International University, P.O.. Box 490559, 
Mfami, FL 33149.' 
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.BLAS-roSOL, ·an oil .pill control agent: Toxioity eftects on tropioal and 
aUbt%oplcal ••&gr... , coral•., fish.and manqroves. 

Barbara carby/Riohard Reese George S:Ldrak.Jl!tra rborbaug 
1'1or:Lda J'nt8rlU1tioJlal univ O:L~c .ot Dlsaster prepared•. BO'Uny ~paru.nt
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The toxioity -of oth.r than dispersant oil spill control ..qant.a 
(.~lid1f1.r81 gels, ~orbent and bloreaediation agents) tor.cleaninq 011 
spills 'hae received very -little attention (NRC, 1989: Thorhau;, 19911· 
nco, 1991). This 1. 'the beginning of an attempt to give ttl••a.. 
attention' to the to~ic1~y of these products ~ critical 

. ~ropical/aubtropioal .atrix organisDS and fisherl~s species. 

The product :elast.osol contains polyisobuylene and ,·an ol-eoph1~lic 
aurtaotant.. Mtboughlt. 1s ..proprietary, it: has undergone ah••leal 
anal'ya1•. ~nd... ·tl.l~ -t.••t!nq 'j(Pinq4s, 1989; Dobras, 1981.'b, 1988.teb, 
P1nq~i•. and '1'.nny.~·, 1988)~: A vide variety of crude 01"18 ,~.e 
ela8~lo1zed wi~in .15 alnutes aore-or-!ess atter elastoaol ~r.at.ent. 
~. were retained in soliditied condition up' t.o 30 day. vi1:h 
vi.coel.~tic.pt'Operties ·uinta1ned .over this time period. The propertl•• 
appear to be that slicks are pr.vent~d fro. spreading and can be picked 
up by akiaer••ttlaiently. WiUi .ensitive. ecosysteM, the a:Jor use of 
elasto801 ·clearly will be relatively ·small confined 'spills probably 'at 
parts, Jl&rina., 011 ref'in4U:'l... or in bays or estuarlea. 'rhus, -~. 
tolerance of' critical habit:at orqanlsms to elaatosol Is iaport&nt.. t. .. 

'2'OZ!c!ty .bidi.. 
Laboratory lD...ti9_tJ.one.. Standardized procedur"s used by the u.s. 
EnVironmental Protection Agency (EPA) and various&genc1•• (FAO, tnfESCO., 
~) tor testing tropical aatrix organisms were eaployed .0' that 
standardized .t••t results could be produoed. The hope va. to coapare 
r ••ultll ·with t ••perote r ••ult.a, along with OHEP Euro~n diaper••d-oil 
~x1c1ty «Sate • 

. • --~ •• - ! • . . 
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~----- -_._-_.. 



I . 

Tabl. 1. Elastosol ·concenuat1cn. versus toxicity of seagrasses', corals and manqrovea. 7 to 12 spec~Da 
at each concentration per treatment'. 
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Selection of critical" matrix ·orqanla.. ror. tropical .horelin•• v•• a 
choice ba.ed on (1) i_portance to the food web, (2) ra1:e and difficulty 
of replao••ent once <1ee1aated, (3) ahore1.ine -t:abillzai:.ion 
char.oterl.tics, and (4) usefulness to the nation Cft.ber!.s, to~1••).
LOCal expert_ such as Jere.y· Woodley, director of the Discovery. Bay
Karine- Laboratory and preaainent Jaaaioan coral reef expert, were uted 
to cboo.. lndicator speCies tor. the' project.. 

Standardlzat10n among techniqU" for vario~ .qroupe was atteapted .0 
1:hat, the r ..ult:.a ot· eaoh group oould be oo.~r.d. tI'hu., 1:he standardized 
portion will be explained t1r8t. 

Laborat:ory conditions.. The prooedure was desoribed in detail by TborhauCJ 
and Marous (1985). Fifty-gallon qIas. aquaria .ere used in ou~-ot-esoor 
condition. (such as fluctuating liqht, temperatures, and runninq water)
and, except tor the mangroves and seagrass•• , Were protected .fro. rain 
an4 .,ind. Temperatures rangM froll 26- to 30·C, with fluctuation.ot l·:C 
t o.sec. Seawat:.er ranqed troa 30' t:o.33' (except to~ the·, .angrove•.). In 
Negra....., three inches ot beacb sand was at the bot.to.-. Corals tanka 
were bare. Far seagrasses I . a 1I1nill\lJl of 15 blade qrouptl ot each species 
Va. placed in each 'ta'nk (1 tank per treatJaant). Great care was taken '1n 
tran8port and holding oonditions tor the coral a~d aanqrove 8peo.l..ns. 
'1'1.. tot equilibration of 8peci..ns was allowed. 100,000 co of eea".ter 
..e· plaoed in each treatment. . 

LabQratory proceclurea. 'Oil-only "as. a .•treaellent: in each s.~. '1'1" for 
wea'th~ring ot 011 was 2' hours at 28 C in shallow plast.ic pan•• Th. 
con1:rol tank was handled exaotl.y t1t& a... a. t:reatlMna. The d1aperaant 
va. applied ~o 01.1 tloat:1n9 on .tbe. tank· surtace wl~ 1 ainute o~ 
vl~rou atlrrinq. The dispersed all, ·toraed a brown cloud' of tr••
.floating uteri.i,. visually homogeneous throughout the tank (depended 
souvhat o~ concentration a~ dispersant). The ooral and seagrassea were 
not. touching the. o!lfloa1:.1nq. on the toPJ th. aangrovea war.• in conta t 
on 'the bark. All specimens' were in con1:act with the Al" C . ~ .persant:~••• 
!'he application or .~a.to801 was 12 '5 bn. 11' '. 
011 "i~· 10 Ia9 (1 paokaqe) of elatJ.t~lIol""- ~ ,15 PP1t 011 and 12.5 PPIl 
10 ·hours ror corals tmd seaqra88••. • l:,e exposure time. ware 6 and

htreat:JMn1: was iamediately removed and'~" ours tor mangrove.. Th. 
all tr.at:ll4lnu. " " uti Wot:or C.l.~ed ClIld chel19lG 1ft 

:~~i••na were i!)~t:8d.. up, 'to' 1". .cl . '.
 

r':dill9~~::~ih '!'he observation PGJ:iodll~cl::1da;lea9ra.8·) and 9
 
ftWlbet:e<t The.. .• Seagrasses had YO\lD9' Y or bi-weekly
ot:her lIO~bidly swer~ qrad~ for d18cOlorat1o~·-:.n blades taQQec2 and 
broIming, .11tel·~~ Corals were graded by _:;t1J\ghi' wil~ln9 and 
_ng'rOV.. were rGc! ",caxtruded POlyps a ec nq t -POtting 
dbcolorat1on, 1:4£ ~l::atIeaf drop, ttriq- d~p IlUCOUs seeretio,,: 
sYIlptou Of JIOrt41'lt'l and 111 on., leat .Pots Md'l root .dea-th and
orqan.1... were qr c:1 .. neS8\1QrG .Qd ' . eat wilt. Th 
but or IIOrta11ty. a ed. 'rhe. tables YhOW!nq 8thClUantitative by e~rt 8S. 

• resul'ts are not t s and 
o hit."" 
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MorpbolOqi~~ll:Y, fhe: ~~~lts ot .lasweol l~~lllde4 the Obs.~ti~ that 
the (111 flowing on the surface of tb4' tanka within a few. ilinute. o~ 
treatMnt with elsstosol congealed into 10ft9 ~ine8. There appeared 'to be 
flO fll. on the qlas8 sides of th& aquaria. or o~ the v.ter. The .1xtur
ot'.•1a.~.ol and' 011 was c01lpl.~.:. " 

There were a ••r1es of biological and morphologl.eal observations.• 

1) The corals continued with tbeir po1rp feeding pa~te~~ w1~ .th• 
• la8~1.o11 aixture in the tank. This was an ~oor4ina~ r~.ult 
coapated to the, other. co.pound~ used in the te'st which Mrs I var1"ty of 
dl.pe~.'ed-oil produots. Color anct viqor of the· polyps of all ,*p*o1.. " •• 
retained. ' . 

. 3) The elaatosol hedno apparent effeot on seaqra•• or .anqrove vi90r 
or oolor .. 

The quantitative data for the various conoentrations and various 011. 
sbow tbet th. oil plus the elastoBol at. conoentrations of laS ppa were 
appreciably less toxio than oil alone' tor coral., and ••a9~aa..... 
Mangrov.. had no effect fro. elaGto801. Oil' alone did not .fr.c~ 
••~V•• at these concentrations. CoraJ.. were the most .ensitive to 
oil. fte response of decreased toxioity by appl1c::a~i()n ,of elas'tosol 1• 
••en dr...~lcal1y at 125 ppm oil in..corals where tl). control bad a 
·htgher IIOrtality than the oil plus the. elaatosol. The mangrove. ware far 
aor. tolerant 'ot oil, plus oil and c~ean-up' product o~ any kind than 
were ".aqra.... or coral_. . . . 

. Th. herder or 801iditier Elastosol does ,not appear to h~v. ~ked toxio 
ette0t8· on the tropical/subtropical .a~rix orqan1.... studied, even'at 
hiCib oonc.ntrat:lons~ oil alone at the higher concentrations d.oes have a 
toxic effect on seaqrass8s and corals. The result. or' diapersante at 
the.. .... concentrations were highly toxio on the seaqra•••• , coralll 
and ..n~v.. tor many o.t the producta e~ted. 

The, ·.lastoeol in all tests was the least· "1;Oxio of a serie. of oil .pill
olean-up,foraulations. The toxicity of oi~.lon.~va. definitely greater
than the elasto801 treatJlente in almost all the' conQentrationa teated. 

The d1ttl~UltY Of application of ellllstollol . would ·1~~~~:··~~. ';or a 
Reller spill such as a harbor or est.uarin. 8p111l!J~ The .fact ot very low 
toxioity corals would .ake this extr...ly well-adapted to spill. near or 
over coral reefs. It aay also !:>e very helpf'ul t.o,oontrol oil when· spills 
.~. within aanqrove s.WUps,. ce·rta1nly, spills which cannot be 
mechani.cally handled or ch.aic~11y,dispersed. may warrant ·the expen.. and 
application ..thods tor elas'tosol • 

." ~ 
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Abstract 

A' joint ~ian-unitedstates ,exex:C~ inVOlvinJ,.the intent~onal'sPillin}, 
of awroxiJnately 20,000 gallons of specially-:tr~~ ,oil was,' 
'rorrlticted off Newfounllarrl in septeJnber 1987 to ~uate the conta~t 
and recx>very capabiliti~ of. three ~f-the-art~ 'am ~. 

. .As'.~ of the 'eXercise, data'were colJ..ect:ed on; a speCIally .....i.nstrUtnentErl· 
oil spill boan in an atte1Ipt t::o. v~ify a p~ perf~test 
procedure for ~ oil.' ~i~l bcx:Ins.. ~ ~~l&stiG d1emica1 
additiv~ was used, after the eqt1.l.pOOnt evaluatlOll'waS ~leted to eMance 
nuNery operations. Mditional OOservati~ were:made·'an the ~~ 
of SP41ed oil sliCks in advanced, sea sta~. .'D1e CQIltainment ~ ~ery 
effort was ,one of the n¥:>St successful on ·record am was ~ in wiIds 
~.~ 's~tes ccmnonly ~t to be bey6rrl,~inicaPabi~it~es. 

" ·introductiOn, 

Ail', intentional' oil spil1. ,of is, 000 u.s. qallons was conductErl on, sept..e1liJer 24, 
. 1~87" offshpre',o'f st.' J<fmJs NewfOUl'ill:an:J to .evaluate ·the cxmta.i.nnent ani 
're::overy capability 'of ,three boans arn'skiIt:mers. '!be. spill ~lsO provided 

, '~, qportunity to verify .a ~lluti.rg 'perf~ ·evaiuation. prOcedure
 
for off~ pil' cootai.nJnent··I:x:x:mB. '!he spil.l ~ ccn:luCted a~imateiy
 
25 nautical miles' east ot St. ·'John's.. ~ dunpinJ peonit requirements
 
i.rcl:Wed SsW currents and.westerly' wirrls. to' niini.mi.ze ,chance of sh<:JreiJne
 
cxintact; Water depths' of ,at .least 100 meters;,· ·the site ·had to be at least
 
25 nautical. miles fronr shOre,' ani. the ~~ to.. be: ·within 2 'to' 3 'hOurs
 
st:eaJDi.rqftan st. Jdln'·s. '1he ~ter of the area seleCted was ·47 degreeS,
 
40 ~ NOrth,ard 52,,~,.<?3 ·mirll·~tes.WeSt",.· :. . :. ,
 

A 'cnrl9 siinilar to '1;he' ~YPic31 hi9h wax ~ ',Banks'Ctuct(:!' waS. tUlavailable.
 
Brent ~ fran the ~orth sea ~s al~edgely txeated by' acidir¥} 1 ~t
 
t:?lack wax .by'volume to yield·an oil of similar Pi)ysi:ecil properties to·
 
the' Grand Banks~. 1he ltkXiified oil was to have' ~ .density of· 839.8
 
kqjm3 am a v:iscnsity of 20 m .Pas at 12 degrees G (Ross, 1987a). Recent
 
infonnation irrlicates t:.hat insufficient slack wax' was.' added to readl tile
 
1 ~t by volume ta~et level. .
 

!'EteoIOlogical con:litionS ~. recordai 'on the canadian Coast Guard (en;)
 
cutter '''Grenfell'' at '15 'minute :intervals. nJeSe include.'co~
 

. ~ velocities am air am water ~ratures. . 



A wave rider ~ .~iOy~·at the test' 'sJte but ~ilEd.to fUnction duriro 
tJ1e. exercise. Consequently, sea oorditions ~ ~llnated, with reasonable 
agreement, ~ varlois trained Qb;ervers •. · . 

" . 
'!he test .plan called for the depl.oynent of three·beans as' follCYNS: A . 
'250 mter letgth of '~' ·~ially~ On ani HazaI.'dcA1s Material 
SillIulated ~ircnnental ~ ~ (0ff5E'1T) bxR'~d be deployErl in 
ncn:mal. cat:enary. A{PrOXimatel.y 20,000 ~lons of treated. Brent Crude 
~ be spilled by the '~n:ri:JveryShiP Terra Nov~ sea into the 
~tenal:y•. 'Ihe··oil Would be held in the bean .for··~tely1 hour 
~le fre.ebocu:d.~dreft data ~ visual ~tiOllS qf oil retention 

·'.were·reoot'"dEn. D.:arin]this period, 200·meters .. df.tlle Canadian ~ 
Gual:d '.s RO-ID:M wooId be deploye4 beh1rxi the <;HSErI' baan.. 'Dle tow 
spee4 wooid.l:xi~ ~ to significant loos ~,(O~5-1.0 koot). one 

· 'em of the boan ~d. then be releaseq am' :the' oil 'd1sdlarged ·into the 
ID-ro:H. Oil ~d·~ held in the'ID-IJ:X:M for· ~teIy i ~ 

· While the oil retention C4pabilitiE!$ wete·c;iJsetVed. "'1tle st. Jdmfs 
Coast Guard Vikana ocean Pack boon\ .(400 neters) \tlOUlq ~ deployed 

. behind the RO-BXM ~irg t:h~., dJservation "pex-iQd... '!be last procGdure 
:tnvolving loot tow. speeds ~d.be -repeated w~th the R6-~, am ~e ' 

. . oil ~d JJe ,re1~ i.ntO. the ·Viko.rna. ' ..', . 

Oil ~d be retaiJ:e:I ~. the Vikana -for C\R>ro~tely .1 .hcnr. . 'l;he 
Terra Nova sea ~d: then ~ sk;inner evaluations. _ Two sj!mners, 
the.Fralno ~CW40'OI ~ an innovative coast Guard Heavy oil Sk.iJmier (Im) 
l«Juld pe evaluated fQr 40 minutes earn an:lthe ~iriing qonta1n~ oil 
~d be recxJVered by the sk:iJmer with the·, bet.ter~perfonnanoe (~', 
1987b). . 

, . 

'!he in~ of,the 0IH3EIT boom 'deployment ~--be to verify the hypOthesis' 
that a boau's ~i.lity to, contain oil is ~rrelated.with i~ ability to sea 
keep ,or eatply ·~th wave-ird~ surface .n:otian. If"this hypothesis oOO1d be 
verlfii:d am <)uantifiro, future Perf~ :evalua1;:ions .of offShore . .' 
~'boat1.? OO!Jld ~ restricted to. meastU:".in1 seakeep~. capabilities 
in a ,raige of sea states'. No further .spills ,qf tne 20,000 gal'lon size 
of. light 'arrl ~vy 011$.~d be required, j,n -~ i:ange sea states, to . 

.evaluate eactl type of boom. Odean -dUrtping permits are'difficult to , 
obtain arrl i,n~tional 0;1, spill exercises of this magnitude awroadl 
tl1E! million dollar ~ level. ITJt:ent.1.00al spills also constitute a 
risk of potential danege to.the' imned:j.ate envirqnnent. ~early a <:n¢

. effective and nonpol.lut;irxJ evaluation p~ ,for offshore ettui.pment
 
is neoessaxy' to deve]..cp' a ~ctive capebi;Llty for ·the perfonnarx:e of
 

. of~ respo~ equipnent~ WiId aonditions ·desfnd \Vere' sea ·state 2.
 
to '4, and winds" fran 10 to 20 knots. . . ' . 
· '. . 
Practice Run - .september 21•. 1981 

fJhe -shjps anl smaller v~s sailed at. 6:00 a.m'. ,am pr:~ to a: 
~ocatiqn 5.5 miles o,~f 'fotbay point. '!he (xx; Grenfe).l then deployed 
the, <Ht5E;tT boOm and· ~ ale~ em to the CCG cutter, 21~ whim t:ook 
the ~ in tcM. tItle co:; eutt:e.r 206 then attEupted to pick up the 
trailinj end .of the bean, a job. whim took 45 minutes. As soon as the 
206 ~ tne end of the· ~ securEd, the two .euttez:-s att:.enpted tp tow 
~ .boau, , in a. ''U'' Configuration, into a pos!titan astern of the Terra 

-~--------~-_._-_.._-- -_.._--- -_.. 
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.Nova sea. 'lhis resultEQ in the <DSE'IT bean ~y begi:nni.nJ to 
~ on itself, ~. 1 hour was lost in, straigflteninJ the ·boan. EVentually 

, the bean was' positione<I relative to the Terra NOva _sea ani ~~ated
 
.~.of the Oil was ~ied out. ~ta collection, withalt oil,
 
for alJOOst 1 ~ foll~. . .
 

~le the CfH?ElT -~ was beirg deploy¢ ~ Positioned, the ID-1lXM 
was deployed 'fraa tile 'ax;- sir· ~'Gilbertani paSse;i to cxx; cutter 
214. ,ibis procedUre took.almost 2 hcm:s am, 'the RO-~ ~ raPidly 
posit.iooed with .respect to the aM;EI'1' hoeD because both the QJtter 214 
and' a ~ Whaler were-able to tow the bbam at speeds of 5 knots. 

, ,With the B)--BXM in positiOn, the en; cutters 212 ani 206 ecmue.nced to
 
~, preSumably to farm. a nJ. i. '!he 'co:; cutter 206 then sJ)agJErl
 
the <HfSEIT cable in her' screws am put it, disabl~ herself~ . -Dlis
 

_resulted. in delay in, the ~ise.while the cable was freed -~, because 
an cutter 21.4 ani the BostOn Whaler Were now 'awroachirg clooel.y,· the· 
a.Ittei 212' took the boaD aid Oltter 206 in taw and cleared· t.l)e area so 
as nOt. to ~e ~ exen:iSe. . 

IAJrit'g the period in which the ID-OOCM was beirq deployed, the 'Co:;" .
 
Grenfell deployed the .vikatla~. ~ ~-~i.Dul.ated oil release 'was
 
.'overI the·Terra Nova I Sea took t)le othererxi ,of tl1:e ~ and the vesSels
 

, -, forined' .11. catenary.' After· holding position relatiVe to tPe RO-OCOt for,
 
. ,a period, ~ ,ships fontal a "J" with the ~ ·an:lpractlced :.deploy!ii.J


the skinmers. . 

All ,ship:l retmned to '.hat1:X:ur by 5:.00 p.TO. ' 

PeriOd Between the Dry Run am the Trial 

, ~eral ineetings of the senioJ;people involved' in t.he exerciSe OCQJlTed '
 
liebleen sept.errber- 21'an:! Sept.edJer 23, 1981.. It was dE3cid~ 'to r~
 
:00; eutter.206 frall the exercise. 'lbEi Boston ~ler was able' to tow' "
 

, am.hOld the bocInin sea'St;ate 1" bUt it, was ~ized' tlJt\t this ~d 
be dif~iailt" with oil, in.the desired weather.· '1be NewfourxUarrl Fisheries 

. depcirbDent. 'had proVided a'vessel, the Barnier", arrl it was' decided fa 
~ her ani a sec:orki c1lart.ered" OOV tQ tow the. RO-axM·. .' 

COncerri ~ registered that .the. wea~ rnight'~, ~r1singly, ~ too .,",
 
calm .Ql. ~ 24 I the .day" which looked best for the actual trail.
 
It', was, t.llerefore" .decided :to interctlange tile OHMSEIT· 'ani RO-in:Ms to
 
take ~taq~ of the hi~~ and waves ~ed later in. the day. 

'!he .Ian]. time .recpii:a1to'deplqy the. ID-Bnl. fran tli~ S'U" .ftt.Inimey
" Gilbert led -to :the decision to, deploy thcit·l:x:an fran. the ~ OSV . 

the· Tri\mP1 Sea. Repairs were carri €d 'out: on· ~ OOMSEIT bean cablirg 
".arrl the b:xJm with lnstiumentation, was functiC?nal by 5:QO p.m_ on 
Sept:.enber ,23 • . . . 

Sfrlce the 'lerra NC?\'a Sea had oil recovery tankS on paard:, it Was deci~ 
, to~· with ~ dumb barge and' to rel~sa the· oil direotly. frQU 
that ·CEV. . . 

. _-_ .._---
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~al with Oil: on s~ '24 1987t, 

~ TrilmpJ Sea and the Bernier sa.i1ed at 3,:OO.a..m. All ather vessels . 
~ed '~t 4:00 a"m., and everyone Was at sta1:;ioo by 6:45 a.m. '!he'Trit,lltJil 

, sea ~ deploymez:rt of the ID-mcM enroute ~ bY 7: ~O' a.m., the bean 
was ready·to ,receive 6i1·. ,(D)e the'<H-BE!T'Jxx:ctt was· deployed, at 8:15 . 
a.m,,'.tbe oil was ,PJRped into tbe ·RO'RXM,with ~ision fran the 
helicq>t.er and a small boat., ' . 

All oil Was in the booot by 9:0~ a.m. 

it was decided· to gi~. the news media .a c:hance to view the test· fran. ~ 
air am this was da1e fran 9:00 ·a.m. to 10:00 a.m. DJri.rg this perioq~ 
tile <Xi; cutlers· 212 Eind 214 attenpt:ed to p.tll the ~·boan into 'ptq)er 
IXJSition ~trl of the ID-RXl( anlkeep it there. , Every at~ to ~e 
the boom, in it Gate.naty~ in the 15 'knot w~ blcM.rq at the ~ine resu1te.1 
in tP,e' boan twistin]., As a ~lt the,~ -Pc;xxn fell progressively 
furt.her.~ of ~ RO-~. . 

At 10:3.0 a.m. the oil in the ~'ot ~ Pocket of the" RO-ocoi ~ 3D ~ 
'thick, the wind 'Was 15 knots, ~. Sane spJ.ash--oVer ani· significant drainage . 
tn:Jer't.l1e bean· were occurrin<j.. '!he vessels, theref~,'.fol:med a "~. and 
releasEd' one errl of' the 'boan to, allav the .Jil to flow: into the OHMSEIT 
bdan.· ~e ()fHC.;FlT' bean was appro~tely 1 Jan astern, an) the vesseJ.~ 
wsre httVinl ttalble towing' the boon in a catencu:y without the bocin ·twisting_ 
~t was, therefore, decided to direct theeutters with the ~ hoan, to 
the oil, by heliccpter, keepirg the boom in a straight~. After 20 
minutes, "the cut:teJ:S were adjacent to tlle thiCk oil, and, after 'a, furt,her 
20 minutes .awi'oxinBtely ~O pE!rcent of the' thick' oil ,was in the OOMSErr' 
bOool~ 1he .remaining '20 percent. was contained in the Vikana 'l:x:on.' IRta 
collection on the OHMSEIT bean started as soon as 'the .oil was" captured am 
a;nti.nued' for 56 .~. 1l1e en; ~ _thEm··$t:qp:rl across the path of 
the. vessels tcMirg the· V:ikana ~~ releaBeq one end of the boom. lJbe . 
oil .spilled. into the Vikana boom catenary, am one co:;. cutter trailed the 

. <Ji.SRIT ·boan.at the throat of the cat:enarY allowin:J· the waveS ·to· wash the
 
oil into tne V:!kana 1:xxIn.'
 

'It1e ceX; Grenfell' and' TeITa Nova sea tawed the oil filled vikata bean "for
 
·ai:Proximat:elY 1 haIr. DJrirg this time, .the wird hadfr;esl'1er8i to 15' ,
 
knots to '20 knots. 'Iheboan was mvin] a.t over 1.1 knots relative, to the
 
sea, am some" oil was beirg lost (approxilnat:e!y 3' mn ·thick). '!he CCX; .'
 

Gt:erifell then attetpt:OO to move ahead to form the -"J'". 'for the~.
 
Not bErlng v~ ~~le, Sl1e quickly read1erl 3. ~ ~,and the oil ,was
 
loSt.
 

, with "the oil now lost, the weather abated slightly. 'Jlle RO bOan was still
 
~ astern of. the TriUllph Sea so it was decided that she am. the .
 
Bernier would form the boom into ~ ca~ arrl._ attenpt. to recover ,the oil
 
downwiId., me hel1expter had ~ lost·to·the eKeroiae'fDr ~ly
 
1 hoot: at ~ tine.. .' As S90fl as it returned, it was refueled' ,am ,sent up
 
tp assist. In the interim a .small boat was used to <]U1de the tow vessels
 
into the heaviest porti~ of the slick. When the heli~ was" aver the
 
thick .oil, ,it was ~ ~t the vessels with 'the RO-8XH were. adjacent
 

. to ,sane of the oil m:n ~le to ~ it. '!hey~, therefore, directed .'
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fran the ci!r am small ~t, am managed '00 oollect 80 to 90 perc:xmt, of 
the .~6k oil whic:n was·al:~ Surface. at ~. t1rDe. 

oil was ~fU1iy con~ ani reccvery was a~tenpted uSi.n3' the three 
slcJ.lmIen; on hoard the reoavery~vessel. 'Ihe 'first ski.Dlner, the Heavy 
ou Sld.u1rnei (~), was 'deployed,~ no measurabl~ rea:Nery Was' cbseived. '!he. 
all used Was lOOdified by' addirg petroleum wax.SO 'tbat it would resemble a . 
typical Grarxl ~ ~e .~i.l. "'Ibis t~ of oil is Ul"lCharcl~isticof JOOSt 
crides 'in that it possesseS'~~ive propert.i~" . 'Itleref<?re, oleOphilic 
Ski.miJen:;.1 Which deperxJ UI*Jn the adhesive nature of the recovered oil, do not 

,	 perfODll' wel'l·w.ith high parafin-:-based oils. 'IbiS 'was ~in pZ""9Ven with the 
oleeplllic 1W Ski..Dner. . '!he ski.nme.r was recovered after, several trained 
observers Were satisfied that the IQ) skiItmer had had, sufficient evaluation 
tlme in·t.he contained sliCk._ Pni:>lems With the· ~ility of the support atll\S, 

used to suSperrl. ~ the HCS .am FrauD '~J 'to adjust to the roll of ~ 
. vessel and. short peri~ 'Wave :a~ion resulted .in both sJdmmers beirg frequently 
~ so that ol~ an:l.'~'~re ,wasbed i.J:rt:o the surrp qf the .'Skimner. 

'!he secord skintoer the t'Frarci)·ACW-400fl was deployErl. 'lbe overall rate of oil 
reCovery of. the FranD was 60 gallons. 'per nii.nute with' unknown amounts of the 
rec::Ne:r.y .~ting fran tr~~ partial, suDDergeoce. . 

At tbis point,. it 'WdS' deCided.·by.the On-sce.rie ~ that the, skiItmer
 
. svaluatian was canpletB., ~itiOJial measures were need~ to ensure recovery
 
. of the remaIning oontalned oil ~ the \tI~a:ther was deteriorati.n:J ani 
'night,Was .falling. , ~nUngly, approximately 7.potU1ds of the visco-elastic 
agent. "Ela$l" .w«ke: ~ .froin an ~-ounce styr~foam coffee CUp into the 
est:imat'a) 7,400 gallonS of ..oi1 ard oil water enulsion in the cxmtainment 
boom.. Elastol was "ad1ed because :preVious research furded by the Minerals 
Management .Service arid' EnV~ canada ~d shawn that the elastic am 
adhesive properties o~ the .oil could be' increased by' ad:iition of the agent, 
tluis. maJd.rq, the oiioore, readily capturahle with ··these types of. skintners. 
'.Ibe Franri'A(li1-400 was retrieved fran the slick 'as the ~'Elastolr.. was added am 
beCa~ of t.I1e operational <:nnstraints on the- recovery .operation, due to the 
~ther am lateness· ot ~.'day, ~ skimner was rot redeployed.. . 

'!be weir-type- skimmer', '.Fl1arQS -Marine ·G!'-laS., was deployed into the treated 
sliCk an:i recovered near capac~ty rates of' 85 gallons per urinute of oil arrl 
oil enw.sion,·witb no,' free water.. 111i5 recove:ry rate was higher than 'antici 
pated aJ¥l mY'have been 'even ,higher if the oil had been'. untreate:t~ Treatment 
significantly 'iooreased the viscosity of the oil. : 'Ihe ski.ulrer· was renPVed ' 
fraU the' sl.idki cleaned,' alii' stored C?n board •. 

llie.IDS f5kiJrmer •. redeplOyed, aIJj failed to tu.ncti-9n because' of a 'piece of 
, ·..steel in the"re.turn P\Jl1P- .'1he,·SkiIrroor was recovered, the steel piece reJnO'Ved, 

arD .then ·the. sk.inmer 'was red~l:oyed. . 

'lbe ROO :skinmer yielded:a ,reCC::NarY rate of ,50 gaJ.lons· per nUilute with a 
, ,'portion of.the o~eophilic ~abi~c, on one of its tWo drums damaged. Debris was-, 
, ~ll~ a~. this time .in.' the ventury system'~ to measure recovery fluid 
. fldll rates.: '!be. debris may haye oontri.bub:rl to the 'suhsequent: failure of the 
. 1m ~ retum hose. :No. flCM-~te IlEaSllrements were taken before the 

failure. V~l .observations ~ ttle ~t of oil adhering ·to· the oleophilic 
fabric of the HOS ski.mmer:~ ~icated that '~ery rates were significantly 

" increased .by ~ addition of :"Elastol: rr . 
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Cperati~ !N&e ~~Use of the ~' sea states am' increasinj
.darJale:$S. . 

All overflight of the:area, by heli~, wap .carried Ol¢. dm;ing too,.ski.nmin3 
cperiltion. 'lhis .~~ a ~ awroximately 2... 5. by 0.5 nautical mil~ ~'th 
3 patdJes of .brown oil.. It is estimated that no. JlDre ~ 260 qallons of oil 

, tanained in the thickpa~. · A further flight 18 hours later Shc.1ROO . 
that only. smaIl brqwn 'patd1es am sheen rem::tinErl,. anq this was repidly 
'~in;1~ . 

~ iearried or ~eamed 

'0	 'Ibol:OOgh, prOficiency with the reex:wery equi~ to be used
 
is essential.
 

RoUtirie practice. is .required. 

o	 I:arqe vol.ume$'· ~f oil are necessary·to ,~i~i~'ly evalUate . 
perfo~ ,of offsl1br:e response equip'oont •. 

0"	 'Ibe' use of he1i~ers to direct the placeq,te11~t of to'N vesSels am 
, the use of small vessels to toonitorand adVise on boom conditicns 
.. ' ~ esGential to ~ze th~ 'effici~cy of cnnventional recov:ery 
'. ,~~~ons. : . 

,	 . 

, . o'	 ~~.~of the ~teorolqgical am sea cxn:titions are 
.~ 'for acri1rate"analy~is of·~'~uatiOns•. 

I 

o	 '!he requirements for s1;ow-speed towin:j and .manueveri..rJ;J. of large' 
contai.nment~tJbansnecessitate t.he use '-of vessels with variable 
pitd1ed pi:opellers~' thrusters, am goOd s'ealnen in control. . 

o.	 ~t was not· posslble to forn a reo::Nery oopfiguratiora with two vesSels 
while tQrNi.ng.~. '!be thUtl vesSel. was· necessary for'l."eOYery,in 
nomal catenary. 

0, ~ uwer meteorological ard sea state' limits for dOwnwind containment 
,and recc:;v~ ~ ,not ,read1~ dtirirg this test~ 

.	 . .. .. 

o	 uprlnd collection proved lltpassible ~ winds awroadled 15 knots. 
'lhis' is consistent with many past ct>servations for containment 
operations ~ upwind.. . . 

'0	 ~ f?hould be taken to avoid los~ of'. 'c:X>ntained oil bY shipboard 
di~es sud1 as c;xx:>lirg water inpinJ.irg UPO!t the slick. 

o	 ~ge shoUld be available for re.<::dVery ·of several times as nuch 
fluid' as disthu:ged to -account for. the oil arid water 'emulsions and 

.. free ~ter recovered. . 

o	 ·Analys~ of the correIation' of the ,ability of a bean to: seakeE;p with 
1~ ability.to contain oil is COht.inuing. 
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,	 '0' ~ of high wax. oils similar to Newfamdland crudes in 
" . ~O degreeS C water is.significantly enhaJJced by the use of ''El.astol. n 

Disclaimer. 

Kel1ti0ri· of specific ~prOOu¢ts in this ~ does not ronsti'b1te or infer 
,,~ or a~ tr.i ·the Minerals ~t Service, ~ . 
~tiOn aOO_Protectian~ or the authors. 
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Ra;s, S •. Lei' i9S7a-:..Offshare ~ of·BoomS arrl·Sk.i.uIt!gs, S. L. Ross,
 
'FnYi.rorinental Resean:il Lintitai,. ottawa,,'On1;:ario. .
 

"Ross, S~ .L., 1987b-Test '~l for. OffShore BoC.an trials, 3'rd Uraft, 
S .. L. ROss, EnV~ ~. Limited', ot±.awa.~, Ontario. 
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SOIL PENETRATION
 



. ' 

"polymer, ~e'se~J:'cb" .I.raboTa·±:ory ( :'. BA$-F Akt i.~J'}·g,e:se~..~.s~ha'£t·, 
'. L.~d·~i.9s~h·af.eniRh'~i"," F:e~e·r~i. ~e'I)tibl ic .0:[ .Ge'~~an¥ 

I,~ IIj't.rod,uct ion 

J;;~ASTPl"T;~~.• was dev.elo.ped· by GTA with the as·sls.tance of BASF~ It. 

is' manufactured in' the f.~rin o~ a wh.ite powder wit;b "particle. sfze'~ 

be't~een 1Of>' '·vm· a·nd 1Q0. 0.', pm' (F i'(j .. 1,.. . ~ 

'Fi9.1~ The powder 
,form' o.f 
·E.LASTOLT •.M • 

'. s'impl i~i.i.es ' 
. ~p~li.cat: ion .•' 

* in 'UqA registered trademark. o~. General Tec~nology '1\,pplications 
.(GTA) : Inc., Manassas., ·Virg.inia;· in oth'er' countri'es .of·'Ela~to9rari 
Polyurethane GmbH, a company of, BASF gro'up . 
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.~he powder. contil.ins a~out ·50', by weight of Poly!sobutylene (PtB) of 

.t!xtremely . h'i'g~' molar, mass.' (Mw,- 6· ,1.0 6' gim.(1). 'PIB is 8 non-to"X,ic' 

,', Polymer 'that ,only" Consists of carbOn ,and hydrogen at.oms. The chemi

c'al 'composItion . is' 

,0. .eH,.+-,r t' 1.

+c.:..c' . 
I I· . .JL H CIl 3,.n 

" 

. ruily' extended. the poly~er chain would' reach a' length of :a~6ut: 

,17 ,lJm,~:. Gra,nules: of ,poly~eric'mC)teri~l .are ~oated wi th '~ater-insolU'~ 
bl.~ Cas <.PO..') sOH sa~t ,in: 'Orde~ to'lobt,ain sn easily sp~,eadable; noli

,~g.91,om'erating powder _, ,Only ·the PIB"'component ~"is' -soluble ,in' oil. ~en 

"disso.l.ved .thema~romol~cu~es giv~ .~i$e to a di~flnct v!sc'oelastici'ty 

as wei~ as a' dr~t'ic i~crease· in' th.e. elongat ional vis'cos! ty' of ~he 

~olution 'ev~n at PIB ~once,ntrafions' of only a few hund~ed ppm.e 

thE16eprope-rtif!B mak«'; °ELASTOLT.M. ao very interesting oil spill . 

f:te~t~ng' 'agent 121- .T~e perfo'rman.ce of skimmer,s is, improved, tbe
 
t"esistance to.' ~p'~ead~h9 ·and brea~-up is' grea,ter, . and the speed o~
 

Oollec"ting barr~ers' can be increased
 e 

'.1'n th,le. work we· :report laboratory ,tests wi.th ELASTOLT eM. a;pplied 

to different oi~s '~t various concentrations. The intention 1s on 'one 
. . 

hand to '<jive quantitative' ~at:a on bQth the rheological propert·.ies of 

the ELASTOLT.M. treate~, oils. and on .the diss'olving' kinetic,s of the 
powder. On. the ,other hand we try'to -illustrate the basic .mechanisms 

. ~h~t.· are responsible" fC?r the obser~ed properti.es C?f the sol~tion~ 

These properties are, mainly du~ to. the ,stretching .~d, ·orientation of 
the dissolved polymer ch~in. These are pu~ely physical effects ~hlch. 

w'ork tnd.ependen~ly ·C?f. Possibly present chemica~ly active, add'ltives. 

In Table 1 the fraction~t~d oils a~d crude oils used in this Inv~s

ti9~tion are l.is:t.ed. "0 is the zero .shear r,ate viscosity Of th,e oils 
at: 25 0e. 
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.' Table ',: -List of oils 'used in this' investigation and t:heir zero' 
- ,shear rate 'v~scosities no ~t 250(:·. 

fraction8~ed oils. 

petroleum 
fuel oil 
diesel all (Columbia _diesel) 
spi~dle oil . . . 
transmission lUbricant/petroleum tIl· (~ixture) 
transformer oil " 
HARCOLTt~M •. 8.2 . (E~xon) . 
fine'mechanics, lubric~nt 
vac.quiR pU'mp 0 i 1 . 

. transmissio'~ lubrlcant 

1~.2 
3.65 
6.9 
'7,.0 

10.5 
13.0 
'~1. 6 
34.3 

190 
713 

crude oils 

oua11;>o 
Arabmed 
V«:!hezalana/Ou8.ibo· 61/39 .(~ixture,) 

.-...... 

,~ ,'n 0 .. [ m~ ~ .. S J 
....6 

18 •.0 
70.0 

.11. ~eological prop.erties. 9f ELASTOLT.•M. -oil '$ol~tions 

1. Dependence of tne solution viscosity on the·typ~ of ,oil· _....- ............. ~.--- ..-.- ...------~---_ .... .-._.... ..,-.__....----- ........
...--~~---.,., ~--...--~--
The' oils' listed in'Table 1 '·w.ere· tre'a:ted 'with bot,h 2 000 ppm 'and 

.10 pO.O· ppm (0.2 and 1% by' weight) ELAS·TOLT.M •• The 'solutions were' 

~I!odu~ed ~y' roll ing the pOwder-oIl m.i)C.tures· in clos~d ql.ass bot'ties 

,~t, about 120 r'pm and 23 c.e' 'for a time period· of 30· to 70 hours. 

1h~ vlscosi"ty of the', re'sul ting solt1t.ions was .determined by means 

df a high precision Oouette Rheometer (C9ntraves LS 30). ~his 

~nstr~ment c~n measure shear stresses ra,ngili9 from about 3.1,0-1t Pa 
to 4 pa in a s~ear rate range between 3-10- 3 s~l artd 100 s-l. 
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In ~ener~l ~he PI~' solutions are' tlOn·-.Ne~t:~n·iCln, viz. th~ .viscos.ity
of the' '.flufd is dependeJ.l·t··.on '·t:~e.. she:a:~,,·rate. lr:a our measu'rement,s, 

·theref9re " shear rates s.ma.l! en'oug~ '~, get 'the c?nstant: Vi~COBit·'y· 

'l's' at .the limit 'o~ small ·~bear rales .(·~ero. shear rate viscosity)' 
Wel:e used it The data' ate ·lis..ted in ~table2 ~ 

Table' ;2~ Viscos~ty increa,se .due,. ~o ,·~L~STOLT.,M. (d~ssolv.ed 1?Y roll 
ing) in various. oils for po~det; .concentrations of 2 0'00 and 

'·10 0.0'0 ppm. Viscosities' wete measured at 25' ac. , 

c ~ 
., 

'2 '000 ppm c = ,10 00.0 ppm" , I 

. ·J.)soil ,Tfr ' Ilsno tlr 
.[mpatsJ .r~Pa. ~] ~ ·{mP~. s] 

..
 
petr,Qlf!um . ,
 1.~2 3 ..02 2.13 23.3 16.3 
fuel'- :011 3.65 

'. 
,:7 .. 54' 2.07 14.3 

spindle oil 
52'-3 

. 1-5. 1 .9'7 • 1 2.167.• 0 13.9 
tran'sm,iss.ion lUbricant/ 
'petrol~um' 1/1' . 83'.4.11. '110.45 '1.64 7.9 
transformer oil 13.0 .22.7 t.75 9.4122.6 

... '36'.1~RCOLT.M. 82 . 21 .'6' 8.2
 
va'cuurn pump oil '\
 

·1 •.67 178' 
i38.··.4 . 19(} 90'8'1._ 25 4.8
 

transmission Iubr ican.t·. 
"
 

2.3'1 ~ 19 . 1656,845.6713 

1.8'5 '4.6'Oualbo 8.5 . .46·.2 10.0
 
Arabmed
 .24.tl18.0 7·4,.61.33 4.1 
Venezolana/ 
Ouaibo 61/39 . 70 1.20 241'8~ .1 3.4 

tn the case of the most viscous oils, (vacuum Pump oil, transmission 

lUbricant") . and a powder concentration of 10 000 ppm· ,the PIa 'could 

not ~ntirely be '~issolv~d even a~ter'a rolling"ti~e of > 10 h. Por 
these two samples .th.e os-values only represent lower limits of the 

qiscosity of. a hom~ge~eous solution." 
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.. 

The rel~~ive viscositIes qr' 

llr IS nsl ilO ' ( t ) 

'81~' 11sEed . in T~le 2' are the r~ti()~ of' solu~ion viscosity and, 

911 visc::osity •. · JJ~ increases. wtth incre,asing pOwder concentrat~on. 

I~. is also s~~n that th~'relatlve ~~scosity increase ~u@ to 

EtASTbl£~.M,. becQ~es sm·al.lerw!th increasing 'vis~osit:y of 'the. oil. 

F9r '1' .. :concentrat·i.on .~e .g~t" a relatIve v~sC'qsity of 16!3 for 

..petrole.um, compar,ed .tp ".8 .for vac~wn ·pump oil ~ 

I~'Fi9~~e 2·and Fi~uie'3 ~he ~el~tiv~ Yi~cosities ~re ~lott~d Versus 

.the loga,ri thJri 'o~ ~he 'oil .visc~si~y "fot" 2 000 ppm arid"1 0 000 ppm 

pbwder',' t'espectively~ I.t is i.nteresttng -"tQ no'te ~hat for the 

O' " 
. J="' 
~.' . en ". 

.'; .r;:" 

~'2"O·iii . 
0" o 
(II">, 
cb· 

,,~ l.5 
.0
.a; 
I-

to 

( =·2000 ppm 
T ~ 2'5 0 '( 

spindle oilpetro1eum .... '''. 
's S . 

s 
. fuel oil 

.Ouoibo. .' trans.former oil 
.B 

8 E MARCOltK 
trons .... ission lubrrconf J 

p.etr~r@ut:n 

VQcuum pump 'ojl 

• 8 
'8 

Venezotono' transmission lub.ricQnt. Quoibo 

10 . 100 1000 
oil viscosity 1)0' ImPos) 

Fig.2f ·Relative 'viscosities llr for"var~ous pils as obtained after 
. . r.ollin,g powder oil mixtures with an ELASTOL~·M. concentra

tion of' 2 000 PPQl at 25 OC. Open symbols represent fraction
ated oils, full symbols crude' Qils.~,· 

------_.- ----_ .. 
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p~troleum
 
El
 

,fuel oif ..
 
B EI
 

spi.ndl@ .oU.
 

QJaibo' • transfOfll'ler oil
 
B
 

Be' 
trans'mission lu.brieo"ntl "HARCOL T.". 

'VQcuum pum-p oilpetrot.eum 
EJ' 

, " , Arobmed• ... transmission tubricant 
V."nazolOflo , a " 

Quo;bo 

. 1{)() ~ 1000 
oil viscosity tlo (tnf'a-s] 

·rig.• 3: $aroe.as,Fig.l for 'lin ELAScroI/l'·'M·. concentration of 10000 ppm. 

1/1' mi'xtur:~ of' petroleum and transmission 'lubrlcant as well as for
 

the ~~ude Ol~~i the rel~tive vlscos~tieB ~re significantly smaller
 
comp~red to fr~ctt?nated oils of simi~"ar ViSCdsity. A possible'
 
eX~laria~ion' fo~.th~.observed effec~'mi~ht be th~ reduction of th~
 

. . 

coil extenaion in the oil mixtures d\1e to ch.anges in the ave.rage 

polymer-solvent inter·acti~n. , 

~~ Dependence of· solution visco.sity ·on powder conce'nt~a.ti6n 
.~--~~~~~~-~----~-~~~~--~~---~--~~--~~--~-~~--------~~

Zero shear ~ate viscosities Os were .rnea~.~red on solutions in 

~etroleum. and fuel oil a~ various concentra~ions. For this purPose 

ba'se solutions hav:iryg 6 000 ppm ELA~TOL,T.M. were' prepa~ed and, 

subseque.ntly d.i~~ted by adding solvent. The r~$ultin9 data are 

shown in Figure 4. 
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·0 

ITl') . 
"ppm-1J 

. 3~8.2 ·10-'. 
3.65-1O-L 

kH 

0.580 

0.'85 

fuel oil 

,0 1000 ?OOO 30'0'0 40~)O 5000 60QO 

concentration [ppm] , 

·Flg.4:·	 so:!ut.ion viscosity·:'lS versus SLASTOLT.,M.· conceil'tration
 
fO,r pet:rpleum and fuel oil. Full lines represent:: ~he fit:. by
 
~he "Huggins eq.uatlon: (s~e -text) uB~n9 the' parameters ~iven
 

·in the inser~ed tab~e. 

'The viscosity' of the solutions increases stronger than p~oportlonal 

·t,o the' powder concentration' in the range' tested.' The expe~~ment'ai 

results are nicely desctlb~d by a polynomial of Qrder 2 (full Itnesj 
as "propose~ by' B'u99ins {2):: 

Os =. (2) 

[-11] befng, the intr~nsic ·viscosity and klf the Huggins constant. ~he 

values determined by a best fit to the data point-s are given in the 

diagram. 
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3.' Vis'coelasti~lty of. :.2LMTOLT.M'~. soi.\itions 
---~~~~-~~-~~~~~-~-~-~~~~~~~~~~~~--~-----~-

Th~ s~lution~ were. s~~~itt~ ~o s~al1 amplitUde·oscillatQry' shear in 
a ro~ational rhe~meter US.i-!,9· bi-cone ..geometry. The apparatus is 
schematically depic~ed in Figure '5.'~ gap eng·le.9f Cl = 3.8 0 and 

angu.l.~r f.requ'encies OJ = 2w·f (f frequency. of' the oscilla.tion) in
 
1
. the. t:ange of 0.2 to 1.8 8:- . were used.' The ~he'ar 8mpl~tude was 

y. ~ 0. .• 5 

torque
 
m'e as iJ r e~m"en,t
 

dr,iVe 

rig.5: ':schematlc dr~win9 of the bl-cooo geometry used .for small
 
.' amplitude oscillatory shear.
 

The result~n9 sbear stress, 0'21 'is oscillating, at tile same' frequen~y' 

but is phase shifted compared to the shear strain y [3] (see 

Fig.6). "It' ~an be decomposed into Sine an~ Cosine cOmponent,s, by 

,nteans of a frequency res'ponse analyz,er. 

, . 
Th~ ~.irect output of the, measurements are the st~rage m~dulus G' 'and 

the lo~s'n,todulus G",'as f.u~'ctions'of the ang."u.lar frequency (cJ. In our 

experiments the contribution of ~nertia forces to G' has peen 
cOl:rected for analyticall.Y. 
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··shear ,s t.rain l: 

l=~s;nwt 

'. " l--- 

""()21:: l [G~ sin wt+ :G" (OS w.t l 
. .t" L"loss modulus 

storage .modul.us 
t " 

.' fig. 6,~.: 'Decom~~~,tlon of the' phase ~hlf,t"ed asci llating shear: stress 
, '. . . into two components yie.lds, the st?rage modulus G'· .and the 

': loss: modulus G". . 

In .general the· re'sponse' of solutions to' oscill~tory shear, c'an be 

described by 'an elastic' spring G' and a'dashpot 11 • ~n/~ arJ:8tlged ih 

parall'~l' [3] (Fig.7,). A' purely viscous flui,d ,of vis~~sity 11 oan be 

represented by the dashpot alone and'~h~ s~ear str~ss is 

P1;opolttional to the ~hear rate ywhich 'yi~lds a'l'hase, ehi.tt of 

90 degre'es b.etw~en stres~ and ~train. The	 dissip,ated energy per
 

G tI
d~cle ,is- proportional' to th~ loss ~~~~.lis An. 'elastic 'mater~'al• 

, .(t!"g. '-ideal rubber) can be represe'nt,ed by' .the sp'ring. Here the 

st~ess is pr~portional to ·th.e ,s.train, (no ,ph~se shift:).· Th'e storage 

~odUIU~G' ~epresents the spring constarit and is p.rop.ortional,
 

to the stored energy per cycle. A viscoelastic material has' both
 

compOne,nts. The qu.an'tity G"/G" is e9ua1 to the ratio qf ~tored and
 

di$sipated energy.
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Pig.,?:'	 Repre~~ntat;ton 'of the response a ·.vlscoelast.ic fluid to' 
oscillat.ory she~r by a sprIng and' dash~t arranged ·in 
para11el. (G" ,artd G- ·are fr'equ~ncy ·de~endent). " 

The 'behaviour of long polymer chai'ns. dissolved in a viscous flu'id 
(PIB ~a~romolecu~es dissolved 1n oil in. our case) can be understood 

as fo+l~ws: at rest the m9~ec~les have a random. coil like .. 
t!quil1~t:lum co~formation .(left Bi~e of Fig .'8).' In a flow field' the 
tandom coils immobilize part of th~ ~oivent giving riSe to the 
obser.ved viscosity inc~ease.with, inc'rea-sing' ~lyme'r ~o·ncent:~ation. 

1:£ the equilibrium coil conformation' remains undisturbed the 

solution would behav~ in a purely vis~ous manner. 
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at rest 
,I 

", ti9.8':" Eqaiiibrium 'c~nformati'on ('random co~l) at t;'es.t 'and. ,deform~~ " 
, , ,', .state .. during flow. of a macromolecule fn, !f"olution fs'chemat: Ie,} '. 

In ,reali~y, during, flQW th~ molecule' attains an, ellipsoidal 

'conformation' (r~ght' side of Fig~8) and, will partially be' oriented 

,paralle'l to th~ dir~ctlonof flow. This defor~at:ion of 'the coil~ 

however~ is reversible. When the flow i$ stopped the molecule will 
, '.' ...... ' 

r~~,~stablish ,its' equilibr.fum confor,mation. This proce~s 'take's som~
 

t"i,me·.and "t~. goyerned by ,a .char8cteri~tic ret:ltrd~t.ion ,time. t. An
 

, Ef~t;imate for ,the 'ch~r'act.eristic time ,i~ ,possible based on. the mod,uii' 

d t and. G~: 

'. (3) 

',It 'must ,also be meritioned that, if ~he solut ion is not kept' under 

ff~8pe co~s'tralnt after rE!moval of the shear ~eformation, the 

,te-att~inment of the equilibrium.rand~·coll co~~or~ation will 

result:· in a, rE!~.ersed shear of the"· s'ampl~ (Fig. 9). The total 

.iecov~rable strain "Yr' al though .di~fic\ll·t to meaSUI?e on dilut~ 

fioluti?ns, .may alS~ be :u~ed as a direct measure of ,the-' elasticity of 

the sample !?'esides the '.ratio G'/G i
'., 



---------- -----

12 

,~'" 

. duri~9. sh~(]r flow 
I ' 

• ··f ~ 

ofter unloading 

, , . ~ ,

Fi9.9;, Reco'verable 'shear strain ot .a viscoelastic solution 'after
 
, .~nload i-ng .d,ue , to 'the des?rientat ion o~· defotmed' mqlec~les.• ·
 

Coming .·b~ck to our. measure.ments .of··~~e 'moduli G····and G" it is 

impor~·a~t..~o ,n9·te 'that .small amp~.itude asci ~ la·tory shear measures 

toe viscoelas.tlci1;..Y of the solut,ion at small deviations from the' 
. .,' .... ! 

e'qu'ilibt;!um (coil-like) confo·rmat.ion of -the. dissolved. PIa molecules •. 

As' .an ~.,~x·~mple. Figure 10 shows t:h~ JJl~c;tsured 'dynami c moduli of a 

16·"OG-Q·· P~ s91utlon of .ELASTOtT •.M• , .in petroleum. :rhe~ pronounced 

visc()e'la'stlc~ity ~f the eolution is' evident from the',' fact ,that 

b~side~ .the loss :modUIU~ a distinct sto~age modulus : can be 

thea'sured~ The ra,tio'G ··/G"· increases. wi t;.l:l 9~owin9 angular ·fr~quency. 

the vis,.cosity' l·n*'1 r~presented by 'the full symbols is calculated 

from ~he moduli according to 

(ai' 

This 'quant~ty is very close to the· ~alue. of th~ vis'cosity in steady 

shear flow. if ~ i~ equal to the shear rate [4]. Thus, the, decrease 

of 'n*(~)1 with increasing angular frequency reflects the non

_., 
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~i9.10i 'st~ra9~ ati.d lQs~, ..mOduli ('o'pen symbois) and -vlsc.osity (full' 
sym,l?~ls),'yer~u~ .angular frequency of al) ELAS.TOLT.M • 

. ;solution ~in petroleum at: 16 '000· ppm and ~4 ac.· 

Newt?n~~an ~havio,ir of .t~.e ·.solu,tion, viz'. ,the. shear viscosity.. 

d~crea:Ses .w'tt:'h i.nc·reasing she.ar: rate.• ·,Again.,· this behaviour. can be' 

unde1;stood. in terms c;>f Fig. 8 •. De·f.o·~ed 'and part i~l'ly o~,ie?t:ed 

macromolecules .give rise ·to a viscosity. decrease dep~nding on the 

shear rate ~.' 

Figure. 11 shows t::h~ coneent:ration dependence of the moduli in 

diesel oil. The pu:re' oil (full circles). is Ne'wtonian and dO.es· not 
. have a· ~~~uJ:"aPJ.~ s:tor~ge modul.tis • .In' tha~ case G" ..~ncre8ses 

p~oPort~~nal to Cd, ·the. ratio G"/tIJ bei_ng equal to the viscosity T1 of 

. the 0 ~ 1 [ ~ J• 

with increasi~9 ELASTOLT.M. concentration the st()rag~ modulus 

grows atro~ge~ than the 108$ rodulus. For· fA) =. 1 s-l (0.13 Hz) a 

. folirfold inc·rease in cori'centration (4 00f) .ppm to 16 OO~ ppm) yields 
. a G- growth of le~s than ·8 factor of 20 whereas the s,toragt:!' modulus 
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1Gt 10ft .' 101 1~'· 10.0 - '0' 
angut"ar. freq(Je~cy w [1Is1 .angulQr frequency taJ (1,s) 

rig'. 1_~: ._storag~ ·D,lodu:lus· . (left diagram) and loss modulus (right 
diag.ram) ..·ve-r.su$. ~ngular frequency Qf' F.:LASTOL'J;·H•. solutions 
in diesel oil at various concentrations and 24°C. The pure 
all does··.·rJot.. have. 8 measurable ~tora<!e modulus. 

increases ap·p,rox.lmat.eiy· 1o0"" fol:d • As a .resu·l t, ~he rat~o' G*/G· ·at a 

given-frequency (cf. Tab~~ 3), taken as ~·9~antitative measure of 
th~.viseo~lasti~ity, iricreases c~nsi4er~bly. It is al~~ seen' that in 
the same seq~enc.~·. the incr~ase of Get· ts less tqan- p~oporti:onal oto w. 

Ii co~parJson' 'of the'. -~i~aml.d moduli for' 8 co'natant ELASTOLT.M. 

conce~tration of.2·OO~· p~ .in various oils of different viscosities 
. t8, shown" in Fig·u.~ "'12.· ..:.' 

Table .3 gives a cQml?ilation of the moduli measured .on various 

$olutlons. ·Here, the G' and G" at:e .comp-ared at a constant angular 

treqa~n<?'Y of ,of&) :: 1.26 s-1 (.f :I 0.2' Hz) and 24 oc.· Besides t:·~e 
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Q~.Utar· f:r~que~cy. w [1/$1 . angular frequency w (1/$) 

Ffg .'12: ·'storage. "modulus (left d~aqram) . and loss modulus (right 
diagram) versus angula'r frequenCy for' E:LASTOLT.M. " 
soulutions In' \'sriou8 0,118 'at, a, constant conce'nt-ration 
of ,2 ·000 ppm. and" 24 oc. . .' 

vis'cosity 1,11*1 (Equ.' (.4) and th~ ratio G1./G~ this .t~ble also .9'ive~ 

the c~~racteristic . ~'''elaxat:ion l::~me,! (Equ .'( 3) ) • "For each oil bqt:h 

G1 /G W
. ~nd ,f increas~ wi th gro~inq c~ncentrat~on. The most pronounced 

change~ are observed in ~he cha~acte~istic time. 
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Table 3: Dynamic moduli' and...vise<>eiastic propert.les o.t variou£ 
solutions meas~red. at .·c 1.26 s-' by means of small 
amplitude -QscilletQ-ry shear" . . 

'.. ....:.. . 

petrQ1euJI
./. 
./~ 

fuel oil 
./.
./. 

diesel oil 
./. 

. ./. 
./. 
./. 

spindle oil 
./.. 
./. 
./. 

tran'f;>former 
./. 

fine 
.'/. 

c 
[ppm] 

G-· 
(niP~ ~ 

G' 
{mpa] i "*1.r paeS] 

0 1.6 
., -. 1-.3 

8 0-00 23 1.6 18' 
16. 000 

0 

,~S 25.6 

-
102 

4.8 .3.8 
4 000 . 12 : '0.35 8.8 

" S 000 ·24 '1.1 19 

t 

.. 

p. 
2 000 
4 :000 
8 00'0 

16 OOQ 

·.20 
"39' 
125 
5.90 . 

-. 0.4 
3.2 

21.6 
290. 

16 
.·3.1. 

;Y 105 
'523 

'.0 8.9 - _7'.1 
2 OO~O 1.8'_ .. 0.6:5 14
4 000 -3,3. 2. 1 26 
B poo. 85.· 12.6' 68 

... 0 
-.- 

'16 - 13 
2 :GOO 34 2.3 27	 . 

lubricant o '. 
2 0'00 

4~ 
67 

-
3.0

33 
53 

O'/G

-
0.. ,·07 
0.2-1 

-
0.03 
0.05 

-
~	 0,02 

-0.08 
0·.17 
1)·.49 

-
0.04 
0.06· . 
.0.1"5, 
-oi:i... 

0.07 

mechanics -
0.04 

t_ 
(ma] 

-
55 

. 1.~O 

-
123
36 

-. 16 
6S 

137 
3'90 

- -
-' 29 

51
118 

-
·54 

-
35 



4. Drawab.il-ity (elongatlonal v-1scoslty) of BLASTOr,T.M. solutions _......-~ ...--.--- ..-:--.-._,--~---~-..--.~~---~ ........~ .......... _..;....~------~-_ .....---~ ..~-~.:. ... -- ....--
One of the "most striking' e~f~cts of' isf,,~STOLT.M'. dissolved' in 'oli· .. 
is the' dramati~ in~re~se'i~. r:e~i~·~a.nce, t.o elong~t lonal' '£16WS. When 

the! solutlon· is· stret~hed.the 'PIli"' tnole.cules are oriented ~hich 
.	 ... ". .....'" .. 

yields' an elongat:io~al''vis'c~f3tt:.y .gr~a·~'er..t~a~ thref! t.lm~s ~tte shea-r 

viscosi.tt {5]. ,Th"~~ ~eh·av~ou~,~s,.·,b~~t: ',. demonstrated, in. the duct1.e~s· 

.' sipho~ test [6] (F,ig.1~). , " 

" nozzle 
d.uctle~s 

h h!·ight. 

,. .. ," 

~" 

siphon.. '· 
vacuum 
p.ump ~ 

~i9.13:	 Schematic' drawing of the .4u,ct~ess.'siphon test method. The 
ductless· siphon height ,is, g't:'adually inc~ea~ed, ~ntl.l break of 
the filament' at htftax. '. '". 

A pipe being connected to ~ vacuum p~mpc~rries a nozzle at its 

other end. The solution is contairied In' a beake,r. When. the nozzle is· 

brought: into contact with the 'meni"scus of the solution the latter is 

sucked out of the beaker. The dit~J't:ance ·h between nozzle and solution 

meni~cus is i~cre~sed either'by slowiy low~rin9 the 'c9ntainer 

position or just due to the,decreasl~g menis~us.height for a fi~ed 

beaker position. The solut.ion will still .flow upward' until at a 

maximum ductless siphon height hmax the filament bre~ks. 

---_._- ..._--



For an untreated ~il, ..in getie:ral, ·the· 'muimum auctles$· ~iphon 'h~Jght 
will be i'n the" ()rd~r of 1 mni. With"Bi.AsToLT.M·bm~x" is much . 

greate.r ·and· Slay 're'ach 'v:a1u'es of h~f··,.·~ ,me~~r C?t;' mar.e.•.This. beha~io':Jr 

is of tt;"e-inendo':l~ ·'impOrt.anc~ 'for the'" p·~rf~rm~n:c~ of. 'c~l..lect-ing. 

devices used f9l'· -Qil spill·:~mbat.·, .' :',;~: ..:' . 

A photograph of '~he spinline In, the' <;lur;t.1e~·s· s'~'phon', te~t '.is .. shQ~n in 

·F.ig.l,. for. a -4 000 .P~ s()lution in fine.":mechani~~.lubri'cant .(with· 

red dy'e) and. a n,oz~,ie, di.amet~r· of 1.-~.:" ~he, .'di'~ta~~e ,'between· the 

nozzle ~n~ the so14fion menis'cus was. ~~ :.Cro.9.· 

Fig,_.14: Ductless siphon test 'on a 4, 000 ppm solution in fine mechfln
ics lubrican~. Nozzle diameter 1 mm. 
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.at rest. 

:.dur.ing flow 

.. fully 'extended 

~ F ·l2 . I.. - T]o£ 

~r: ••••••:••••••, 

Fig.15: .Stretching of ·the polymer c~afn .when the .solution is
 
subjected to an elongational. flow field (s~hematic).
 

the physical reason 'for the high elongational viscosity is
 

schematically depicted in. Fig .• 15. At rest the .JUOlecu·le has B.' coil
 

. like 'conformatio~, but in an exten.si~nal flow ~leld·,. the molecule is 

'tte~ched. The degree of stretching 1s dependent on ~he rate of 
~train of the solution and the dur~tion of extensional' flo~. The sum 
6f 'fr'iction forces due to the surroundlng solventmolecul~s haS an 
6ppoaite sign on both sides .of ~he ~en~er of mass. Therefore, ~he
 

extensional forces acting on the molecule ·are maximal in the ndddle
 

of the chain and the orientation of chain segments parallel to the
 
direction of strain is most pronounced in. that region.
 

-------.-- -. _·------1 
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For the ·ex~reme case Qf a fully ·exten.d~d chain (bo~t:om diagram -in 

Fi.g.15) it. is easy t.Q £!how that the·forcer acting in lhe·cent:er of 

t·he molecule is propor:tfonal ~Q .tbe~ ch~i.n length L·,· t:h~ ~olv&nt: 
viscosity Qo, and the 'straln rate.1 [7].' The .torce: F may even- b~com.e 

'. higher. -than t.he. chemic.sl- bond of· the -bc.-c·~bone. Under' th~'t co.i1dit:ion 

the.~lecule wi~l break [1]. 

It is obvious that in the cas~ of long molecules the resistance'to 

elo~gatl~al flow is' mainly ~ove~.ned by. the force F that ·can be 

.t:ransniit·ted by each single mO.1ecul~.. from one v~luine .element ~o 

anoth~r and the concentrat.io.n of dls:so1ved macromolec.ules. In 

summary, wee,xpect -the~lonqatio~~l Vis~9SH~ JI- [5] of the_solution 

tensile force/cr~ss .;ectionelongational viscosity' ~ (5)
ext-en'sion rate 

to ~ncre~se with str~in -rate~ solvent Vi8cosity~ and polymer 
conceJ'ltr·at.ion. t 

Jt ,.. 

I t should als-o be no-ted. here tha·t the stretched molecules store 
. , 

-energy since the orientation process- is fully reversi~le (chain 

ruptu~e excluded). When the stra.in rate i~ set .to zero the 

defo.rmatiotl of the molecule will decay ·wif:.h time until the' coil 

.donf~rmatio~ is - re--established. without shape constraint this 

proces~ will cause a shrinkage (recover~ble strain) of an" elongated 

solution filament. 

The measured ductless siphon heIghts hmax of petrolelUl\,- fuel oil, 

4nd Bpindie oil versus ELASTOLT.M. ~~centration are plotte~ in 
Figure 16. We observe a monotone increase of hm~x with increasing 
~owder concentration i~ petroleum~ ~or fuel oil and spindle. oil, 

however, goes th~ough a reproducible·mtnimum. It appears thathmax 
the ~ncentration correspondin9 to ~he filament length min~mum is 

shif.ted to smaller values- when the oil vlscosity is increased. Most 
probably this. effect is riot caused by· a minimum in the true' rest-st

ance of t.he filament to stretching but by problems in the.nozzle 
fl~w due to the shear viscosity which increases with concentration. 
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Fig.16:.Maximum ductiess siphon heights at room temperature for 
three 'oils ve~sus ELASTOL~'~·· Concentration '(nozzle
diameter 1 rom). ' . 

-thUS, for, a direct comp~rison of t~.e effect' of ELASTOLT.M., on t",e 

drawability .in, v~ri~us oil solutions one should restrfct .the meas

drements to' concentrations below the minimum. In ~hat,~ang~ ~he 

behaviou't' may be appro,ximated by ~he pOwer law 

(6) ,hmax = KoS c Q 

the ex:ponent a having values in the 'range of o. 75 to 0.95. 
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table 4:	 Ductless siphoh heights hmax at· filament, break for' v.arious, 
oil$ 'and at. B,n BLASTOi..T • M.• concentration: ot 2 000 ~ •. 

oil bma" 
[IimlJ 

petroleum 1. '42. 100' 
, t8·7 . fuel oil .3.8 

.spindle 911 7 •.0 380 
transfoI:mer oil 13.0 411.' 

80,S,'fine ~chanics lubrioant 34.3 

99 

.	 .' I 
Table 4 gives a oompil~tion o~. th'e" measure~ ~al~'e,s "in',vari~us .hmax 
oils for a con'stant ELASTOL~.M. con·oentrati~~.,01 2 000 W,rn •. ~~e, .. , . 

m~'ximum ductless siphon height stronqlY' increases with Increa~in9 oil 

~isc~sity. T~er~fore, the higher .~he oil viscosity, ~he. lo~er'tbe 

concen~ration of ELAS,TOLT.M. requir-~, to' obtain a 'given, v:~ll1e ~~ '.hmax • 

As already mentioned, the dratiabil~ty .of. ELASTOLT~It. :S<)l\Jtiori~ iii an . 
. exclusively 'phys'i~al' phenomenon. The ·application.·,af ,chemical"' ~ddlt-ivel? 

(for. ins·tance emulsion breakers) sho·uld have .no· i~fluen~ on .. th·e . 

du'ctless siphon heights. This ~~s experimentally ver1fied for petro
ieum treated' with 2 006 ppm ELA~T6LT.Mlt·· and 100 ppm SEPAROLT.H.~ 

AF 27 (emulsion breaker). The same ~~lue of. hmax as given lo Table 4 

for the pure petroleum was observe~ •. · 

The dr'awability increase due to EL·~STOLT.M~ is .of g~a't ,advantage
 
in collecting oil, floating on a water: sU~f,a~e 'by ~ans' of. it 'vacuum.
 

skimmer. A field t~st wi th crude o~l fr<?m.' ERM· .( = refi.nery Man-nheim)
 

spread. on water in a training bas~n .gave the following ·results:·.··In the, 

case of untreated oil ·901 water and only 10% oil .were- collecte~. After 

the application of 6 OOO.ppm ELASTOLT.M. powder 95% oil and. only 5' 

water were co~lect~d {8J. Fig ...17 sh~w$. 'that the oil 'fi~m is pulfe'~ 

from the water surface without ·r-uptu.re .,and can- ·easily' ~e ~ucked by the 

\,&.cu·uJ)1 skimmer over a dis·tance of' ~bou.t 15 em • 

• registered trademark of BASF Aktiengesellschaft 
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Fig.l?:·	 Example of. the improved' pe~fo.rm~nce of a vacuum skimmer .in
 
collecting 'cru~e 'oil( ERM) from. a wat.er· surface lS'l"":
 

5. Consequences of E~AsTOLT.M. on droplet formation 
~~-~---~~-~~~~~-~---~~--------~-------~~~~~-~~-~-~~ 

. . . 

Fig.18 shows 'sc~ematlcally the bre'ak 'up of an oil' ·drop.let "into two 

smalle'r d.r~'plet5 due to ~n, el~n9atioilal,flaw f.fe,~d •.Once ·a n~~k_ is 

formed th.e neck is elon,g.at·~d until break. of ,the·'.strap.• ,Th~. form~tion
.' ". . ... 

of smJ~lle'r .dr~plets continues' unt~l th~ r:heolog ical for·ces· can nC? . 

longer ·o~et;come.. the: . stabili2ing etfect at .the inte-rf~cio-Ral te.n·s:ion. 

wi th dissolved m~·,c.r:omolecules" hpweV,er', :it, is pas's ible t~ preve·nt 
the f~.rmation -of very Small droplets- {6] •. Here, th-e limit.iilg d~op 

size is 90ver~ed by -the resistance C?f·' th'e ·,s·trap. to stt;".etchi'ng~ Wh-en 

the elongational' visC'os~ty in the neck, ~5 'increaseQ' the brea~ up 

process wi 11 come to an end, at a pigget, ·dro~let size ~ 
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. . 

..II•.•. 

• ~ ........ 

Fig.18·: Formation of 'smaller .d.roplets in an el~ngational f.1o" field 
(schematic') • 

the conseque'nce for oil/wat:er miJi:tlit'es is demon~trat:ed by. ri.g ..,1·9. 

Two glass ~o·~·t.les Were par~ial1y f"il1~d vith wa~er. :t~. t~e.· r~ght: 

bottle pure 8ei~c51 was Used, whereas in ·the left bot:t~e t:h~. 011 .Wll.S 

treat·ed with. 1,0; .000. p~ ELAS';l'OL';t'.H~.' The' closed bottles were 

~haked by hand for ~ given time pet.i.ad. After a se~tlin9t:irae of 

about~10 sec~nds we observe in the right bottie a milky .~mulslon of 
very small oil droplets in water. The water.~nd oil pnases are 
hardly separated.• , to ~he case of the. ~LASToLT.• M." 'treated '01'1 

(right) we ge·t a coar~e emu1si(ln by shaking. The s~paration of "water 
and oil is nearly complete. after 10' se~onds. 
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Fig .19: Die·se.l··oLllwater 'm~xtures after sh·aking..a'nd'.ct pett.l.ing time . 
J~f i O' s,econds.•. Pure oil (right·)., .oil treated' wi: til ·1.0' QOO ppm 
ELASTOLT.• M,. ~lef;t). 

----------_ .. ------_..... _--_ ..........._
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'.) qeneral behav1o~r' 
~~-~-~--~~~--~--~~~~ 

T'he' ·t!ffici~ncY ~f. B~AsroLT.:-~:: in ..t~e8,tin9 ..: 6,11 spills ls,. ~t,rotUj~y' , 
dl:!pendent on ,t~e dissolvi-tt9, speed of t~~ pow,~er' afte.r, being ~~t'~ad 

ontd oii layers. floating on wat:er~ To ,efimulat:e this '~it:'uatiOjf tJti d, 

lab~r.at:or~ scal~ a ,be~k~r of ·15'0 mttl di.ain~ter'· ~as p~rt:ia~ly fl11@.d , 
wi,ttl ~ater. oil: ~a~ 1ayered onto' ,J:h~, w~..t~r ,surface t~ 'a· thi~'~it~'~!; 
-0£' 5 nutt'. ELAsT.OL~·M.' powder co'rrespondin,g to '10 000 pp~' of' tb~', 

wei~ht of oil was .iho~r~e"OtiS1Y· spread ,o~ the" ~il layer. . 

Fi9~20: Side view of' an oil layer f1oA:tin<1 on,water. 'ELASTOt"·M. 
waS spre~d on top of th~ oli ~hd '~'~diment~d to the oil/WAter 
inter,f'a'cE'! from, where it disso1ves. ' 

Aft~r' ~pplicationt the .powder rapidly sedimented to the watet/oil 

iilterf~ce (F'ig .. 20) .' From there, the 'Pia c~mponen.t gradually 

dissolved' 1n the oil' phase, whe'reas the water-insoluble $alt 

remained in particu.la.te form at the iht:er~ace. As a measure of I:he 



27 

etfective solut:ion ""conc"e-ntratit:>n )1(1' '4~ltit"lIli~d ~he _o-i~" "~olutiti~ . 
,j-l8~o~tty as a t~h~t:lqn .of. ti1ii@'~ - to.t..... t:~~.!j. PQrpose' staal1 ~~pt~A'-v@'re' 

~lthdrawn at. df.fferent time. i~·t:etva.1a UfJlhq ~ jy~i"nge •. Pr@~auf:ibt\A 

~et'e t.·aken not:· to collect' undiss'ol-v1!'d ~~~. 

b) Solt1t-ion vis.cosity· wit.h and wit.~out: agit.ation 
~---~---~---~~--~-----~-~----~------~----~-----~ 

~i~fut"e 21 .sholls the so1ut~on viscoslty. \te~sqs lo9ari~hmic ·title as 
nie~sured for. f\lel .oil at: a J?Ol4Qer ..~nc.en·t:~atiQn· '0£ 10.000 PPira~ ..tn a 
(irst: :t:est: s'eries dep'icted .by full "cir~l~s the dissolving of 
ELASTOLT ..f4 • 

en 8·0 

co 
a. 
E 

a.-.I 

-en 
. r::- 60 
~ 

+J 
-ri 
UJ 
0· ...,., 
u 
m .,..... 
> 40 
c 
o 
-rt 
4J 

~ 20 

wit.h 

/0 l 
o without agitation l'

/ '.- / 
--,0 ._._._ ~_ t- i-' .~. . 

g.1 1.0 10.0 iOO.O 

residence time [h] 

t~9. 21:	 Relative solution vi.s~osities. of fuel oil layers (5 nun 
thickness) floating on top of water versus time elapsed 
after. application of ~LASTOL~·M•. by sprayi.ng (concentra
tion 10 000 ppm related to ~h~ total weight of oil) with 
(.open circles) ·and .without (full circles) gentle jt:it't"i-nej. 



tbok place without any' .agitatiC?il:. Obviously; :1n that· ·case a 
a1~t1ifican~. incrt!~B~ '~f the sotut:~·ot) ~i&oosi~y is only observed a·t 
times gt'eat:er' th'an ~OO' hou~s. 

In a second series' of t'~sts a ~entl~' a~.itation .was at;t:ained' by· 
slirring. A schemati~ drawing or the'arrangement: !~ shown in . 
Figure 22. The ro.t:a.ry speed of the st:irr'e'~ was. 0.-5 revpluti-gns·· ·pE!I" 

s~cond. As ca.n be seen' from Fig •. il t~e gentle 8gitat.lon dras.t:ica,11y 
ihcreases·· t:he. spe~ of ~issolving .. (open circles). A signitic4tlt 

ihcrease in the oil solution viscosity .~as obs~rved after ·only 0.5 
hburs. 

J 

n =o.5 'or p.S. . 
....,.. 

. .. : ... . . .. II·.· . . ... . -: .... :.. - . 

oil (ayer . 

. ... - ..... 
. . ..... . .... -. -.. . .. . " 

. .... 
• 'It .:: ••• • • ." .. . wat~r 

Fig.22: ExperitQental arrangement: ~or the d'lssolving t:est.s with 
. stirring~ 



slmilar dissol\t:1ng .·t:est:$ ~it:.h ~st:i.rrlng·. were pertormed .ith. ~~tt()lt~ . 
dil~·, Tb~· 'relative :sO~lt.tion vfsCC?~itle8 ·.Tlt .(solu·t.ion ViScdAJ..t~ 
t;ela.t:ed ~ the oil' viscosit.y) · ver.~U$ ·the ~t1. viscos:ily 110 it@. 
plot ~t!4 in F-ig~re 23. 'l'·Qe· dat:~ obt:'i.ned. ~~ this iIIethodare tIIdte 

cOmplex t(j interpret. t.~an those obtai.ne~ .by roll ing (c:f. Pig8., 2 

atid 3). This is 'because ..part:~al ~~.aPor~tlot:1 of.·the oil has' t.o.b& 
t.aken .into accou~t: ~·i.cb i~ different for. t:h.e·~ariouB so!1J¢h·ta .. ·Thfs 
explains ·why viscosi-ties from the stirrfn~ e'xperiment .Ift~y be hight!,r 
than tho~'e. for solutions prepat'ed by roliing in closed 91a's'~ 
bottles. 

•
 T =2S Q
(
 

0 pet-roleum40~--VI' 
r=
>l..., 

1'1, ..... ~OCD 
0	 . t'ransmiss;on lubricant I 
u 
m·	 spindle oil • petroft!um.... 
>	 •CD 20 
> fUel oil-rf	 . transformer oil 

• .'
~ .,. 
r-t	 

•GJ 
c- 10	 HARCOl T.t1. 

1 

1 2 5 10 20. 50 100 

all viscosity tlo [mpa·5] 

Fig.23:	 Relative viscosi.ties of the. various' oil layers measured at 
the ~nd of a 24 h stirring period. The initial powder 
concentration was 10 000 ppm related to the total ~ei9ht of 
the 011 on water. 



•• 

~ 3D '-:" 

£!_~~~~~:~~~~-~!_~~~!~!!~~-~~=~~ .' 
~y compari.1l9 t~e V~s'co8i ties det.erlQ~r:te.d for solutions ..,r~pat:ed. by . 

k-~11in9 a.nd ·.the results ~t8ii1ed- in. tht!. ~i8so1ving ·t~st.s "it~ gentle 
.8titring. (neg.lect~·ng t.he infltie~~' of' p.artial eVist'Orat:ion) ftd odlt 

~va1.uat:e the ·time nece.ssary to dissolv·e· an .~ffective. concent.ratiOn 
hf 2 00·0 ~m BLAS'1'OLT.M. out of a tot:·~.l powde~ concentration ·ot 
10 000 ·ppm. Th~ necessa'ry tim~s ate .plott~d in Figure 24 as a 

function of the oil vlscoslties .flO (double-log representation). '1'he'.'.	 . ..." . . 

increasing dissolving time is approxi~at~ly proportional to th~ oil 
~iscosit:y. . . . 

~ . . io 

11" 

,...... 5r. 
"'-' 

CD e 
-rl
 
.&J r
 "2 
OJ .... ~ c 
-ri 

.,.'.	 

• 
r-t 
> 1 • 
·0 
(I)
 
fit
.,...
 
n 0.5
 

0.2 • 
o. i 

1 2 5 10 20 50 100 

oil vis.cos1 ty '10 [mPa· s] 

Fig.24:	 Dissolving ti~e for 2 000 ppm ELASTOLT.M. out of an ini 
tial powder concentration of -to 00·0 ppm v.ersus oil viscos
i t:y. The .ef~ect: of partial ev-al>Orat'!on during stir-rihq is 
neglected here. 

-----~-- --  _--- 
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1-he data in 1'19.24 ·can at least apprO:kimat:ely be general1l(!c1 to 
estimat.e the ·effe·~·t of t:.elllperal:ur.e on t:be dissolvthg t:im~. f'ot' 

iit,stance.; if the .v.·is~osity of. the Qll increases bY:8. fac.t.ot I' tf~~n 
the te.~I"era·ture ie 'lowered' by AT compared' to. room t:empe~at:ut~; tJi@ 

taecessary dissol~i~9' tIme of the powder ';wili be longet- by the Ba~· 
factor it_ " . 

0, o • 

.'!'he ef.fi!ct of powd~J;' concentration ph the speed of. dissolving -is' 

demonstrated i~ Table 5 ,for petroI"eum. ELASTOLT •.k. -concent:t"ll~·-iOriS 
of 10.·QOO ppm (as' ~n PitJ.24) and 10f. 4· 000 ppm. tlere used. It:. is 

.clearly· ·s~en that;: the necessary tinie t.o dissolve '20~' of .the inilial 
powder. is signffi"cantly short::er for' th.e smalle·rrconcentration (11.·8 

811d 8.4 min, r:espectively). This means that th¢ dissolving times 
given in Fig.24 for 10 000 ppm'~wder cannot be generali~ed for 
bther. conc~ntrations. Ho~everl since for prac~ical applica~ions. the. 
ttASToLT.·M. concent.ratio.ns will 'presumctply be lower, we can t'~c.t·at"d· 

I .. 

the. data of Fig.24 to represent an upper limit. of dissolving times 
for the rel~tiveiy 'w'eak kind .of agl t:at:-i~n used· in our test:s. 

Table" 5: Comparison of dissolving times for two.different 

ELASTOLT.M. ~ohcentrat:ions ·.in petr·ole:um (evaporat:i~ 

heglected) with stirrin~ as ih ~i9~22. 

powder 
concentration

1ppm] 

4 000 
4 000 . 

10 000 
10 000 . 

. , 10 000 

* 20'-values 

dissolved 
t~action 

[p~] 

800 
~ 000 

800 
2 000 

10 000 

necessary 
diSS61Vinj ti.me 

. [min 

8.4* 
39 

6.0 
'1.8*1s' 

soltlt:iUn 
viSCObity 
[itlPa'~] 

1.9:f 
5.51 

1.93 
2.99 

18.9 
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Another t"esult ,t.h~,1: c.an. be "de,duc~d':. f'r~--T,a'~l¢ '5' concerne~' ,the 

dissolving ·time 'fgr:'..a' g"f.ve.T\' ab~o'r~~e, ·con-ce.ntration of the 

~olution,. "~."~'. 80.o':~f>~:~' :Whe"r'~as iQ~.",·.4::' (roo: ppm' ,applied' powder a 

dissolving, tiine Of, a•.4' m'rn is ne-ces'~,al:,Y, ,the same: .Conc~J1tt'at,i.on 

will' be -8Chie'ved', ~i,t:bfn oniy 6~,. 0 .,1n'~:~,' ',1f': 1-0 "000,' ppm o·~ pp"!der 

" ',are sp~~'ad ont~ .th,~: oil' .layer,~,' 'th:£s'·.:reslJ'lt 'is, ~t. at. all 

, ,surpr~sinq, 'bu't. 'b'as to 'I;ie' k~pt . i~l. ..~J.nd~ to-~' p,ra~'ti.c-ai 
~pp.,iicati~n,s,.·'·' :', " .' '. . '. '.,' .. '", :. 

IV... Wate·r/c.rud·e 'oil emulstons 
J '.. 

The f.ormation.· of:; ext'remely', ',5t;'~1:?~'e" ~a~e:r·~in~~r'tid~·.~il Qmu,l.s!ons, 

of,t~n, called' "choc61a~.e:'in~us~~·"I, "'~'s" ~'·-m·a']or.'··p~?biein "in' 

combatting. oil spil--I-s' .at se~~' The~e'.:.emulsiq~s ~re big.hly 

,vis~ou.~ and', th~ir'·· .wat~r oont'ent ~a'~':'~~,' ~s high' ·~s ' g'O%. ~ They 

.are difficult to~ilect'and ev'en'inore difficult to dis.pose 

of. 'Ac-cc)rditi9·' '~o :~.te~.-ie' ~t: al., ["9] :t'he' ~orm,atfol), of' these· 

, mouss'~"S .d~p~n~s' Qrf the·~pr.esenc.e .o·f' botil. ,wax 'an~, aspal'thenes
 

in', th~'. c~ude .01i. ~'., ~he,se' ii.uthol;·S SlJ.99~S:t, tll~.t ·";ax/asphalt.e-ne
 

ciy~tals'maystabiHze .small",ate~drripletsi"t·~oii.
 
lea<;ling to a,' dra~atic inc.re.',ase in' ~.i.~<:».sity.
 

10 order to ·produc~. "ch<?~o.Iate, mo·u.sse:f'·, on a .1~boia.t.ory. scale 

we performed experiments' with v·ar~o.us water-in-qil' in·ix-t.u-res. 

In one se·ries of· ~~s~·s ,'differen,t·,.ot~.~~,a-ter'mi1Cture~ were 

t:r~8ted ,with, :~ .s~ak~r ("red de\ti1:'~.')' .fn ·:c'J.os.ed' bottles for 

·15 rnln. A.f?, e~pe,ctea., the forma·t.i9~..,of it .s,t~ble ,~m,uJ.sion co:uld 

not be observed. for' d'ewaxed, ~nd ·de.~s.pha~~,e~ized o~ls fik.e 
transformer 011 or MARCOLT.• M. 82 .. 'Af·ter '8 s'ettling ti.me of 

several minute·s th~ wat:.er and oil phase.s 5epa'r~at:ed~' -For. the 

crude oils li~~~d in,Table 2~ howeveri stable wat~r-in-oil 

emulsions we.re e'a's.il'y' produced by Sh.?,k-ing .• Even. a:f.~er a. 

settling period of. 24·h.ours no phas~, ~eparat.ion was obse·rved. 
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The most stable ."mou~s~~-. cOOld':be prod,~eed with ~rabmed I '\0 

18 mPa·s) fo,r whi~h'. 8: su~-de,n ris'e in.··vls_c~s·it¥,of. th~ emula.ion was 

.observ-ed ~i t.P incl;:"e.as·i;ng,,-'·w~t~r cont~n.t.·, _~or. ~': 7:~'- _~~tet:'- in~q~l 'emul-' 
os iQn 8 ,v.iscosi ty of' 20~ .JI\Pa s"va's :JJle-~:?·ure4.~ '-:~het;e~s, ~ot: ·80l '. (90%)° _ 

wate-r cont-ent.·f) e. t ".(6 ..·.·1 ) ... fa.-S·' ~er.~- ·o~se.r~·.ed~' ". 
.. .' . . ~.' .. . 

When the,' same"expe~J:ments ·we,re .~epeated 0";' Ar,apf1Jed . t·rea.ted-· 'with 

2 000 ppm. ELASTQLT~.~~:' th~ s~den- rl.se· 'fn,"v~scosity in .go-i~y from 

70% to SO%·,wa:t.er con:te·Rt ....was ..-red\1ce.d.·~y.at l~,ast·~ fac·tor of 4.'·For 

b~th 80'" and 9.0.~' water· co~nt.ent viscosit.~es 'of about' 1.'5 P~:.S' were 

measured· indicating 'that ELA"S"To~T.,M,." imp,roves t~e puinp~bi·.lity of 

. n choco1a t~ , mou s.5·e:~ ~. _ 

-.;... 

I, 

Fig .25:	 S-tiff "chocolate' mousse'" obt_aln~d by shakin.g Arabme·d 'with 
90\ water for ·15 mIn in', the r~d ._devif (right). Crude oil 
treated with 2 ..000 ppm ELASTOLT:... M.. (-.~·eft).. , 

Fig.25 demonstrates': that· without 'ELASTOVT • M• a stiff and 'stable 

emulsion with', yield ·st.ress -fo~ms. When treated .w.it.h ELASTOLT,.M., 

however, the Arabmeil/water ini xture wa'~_ f.luid 'even,at ve.ry' low shear 

stresses 'and had. to. be Jt,~pt ~n a' cont~iner.. Also 'a tendency to phase 



8) 

b) 

. 1 

!.!g.26:	 Light· micrographs of 90% .water-in-oil '~mulsions with Arabmed 
(magnificatiori: 66 told) 
a) wit.hout ELASTOLT •. M.. b) with 2 000 .ppm EL.AS·TOLT.M. 
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Microscopic analysls of emulsions produced from· Arabmed a~d 90' 

water was .cat-ri.ed out (.Fig·. 26) •.Panel . (a). ··s~ows the "choc9late 

~ousse"	 (armed wi ~h un.treated Arab:iOed ',whereas Pi;in~l <,b.) d~monst,rate6 

the e'ff~ct' o~ . iilclQsion' ·o:f 2' '000 .~pm ELAS·l·Ot"T:.~:•• ·.B~th pictu~ef? 
illu.st'r-ate the wa.te'r-i.n~oil chara~ter. of thl..s emulsion, l?ut. ~or 

E·L~STOL'i'.K. treated .~rab~ed· ·the si%e of 'the "wat'er droplets .is· 

Bigriificantly' sm~~ler: 

oil,. layer 

water

1or;; 
--~ 

... . - .. .. ........ .. , 
... * .. • .. - ~.. • .. ... .. 

..~ . :.0 ~:...~..~.. "," .:. .: .... . :. " . ._ : '•• _;0 

• e. _. eO' .... 

... " -....- . 
... . . " " 

L . 
.~---...---.-'--------- '25.0 mm --.----,-..-.:..--.fIoo-f 

Fig.. 27 :'	 E~per imenta'l a~r,rangeJ\\ent for the fo.rmat ion .of' "chocolat'e
 

mou'sses~ fx::om crud~ oil layer:-s .fl-oatiog on wat~.r.
 

In ·order to ..s.i.,mul·at.e- .th~ ·f.ormation·of·~chO.col~·te ·rnous·se" 'from cr·ude 

,oil layers float.ing' on' w,ate-r more realistically I the apparatus 

sc.hematlc·allY depicted in Fig.27 wQs, used.·:Bere .the, ,flufd"was 

.r~peatedI·y· p~cked ·.up ~y a bucket-wheel: and s'ubsequently' poured out 

onto the surface.' In this arr-ange.ment the. formation 'of. s.table 

emulsiol1S .was obs.-e·r.ved ,aft'er . stir..r-~n~ for less .than 4 ;hours. After 

4 hours the -·'chocolate lilou'sse- formed with untreated Arabllled h~d' a 

viscosity of 2 Pa·s~ 
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Fig.28·: "Choco!'ate mousse"· obt·ai ne<J wi t"h Arabmed. in t'he buck~t~whe.el 

arrangemen.t .. 

I.n addi t i.on, the bucket-wheel arrangement clear ly shoWs tb~ 

influen~e of ev·apo·rat.ion. In Table .6· the emuls ion vis.cositte.s 

measured a~ter various s.tirring qnd ev~porati:o.~· p.eri.ads.· are· lis·t~d •. ' 

Table 6:	 Viscos~ties 'for "chocola.te mousse" ·formed· with Ar·abmed ·in 
the bucket-wheel arrangement (.shear rat.e· 2s- ~).. . 

-

stirring time re.sid.enee time 

[h] [hJ 
I-----~-----

4 
2· 
O'- ....... _-~..... _-
4 

·no.·[pa·.sJ
untreated 
crude oii 

2.0 
7.8 

·12.2------5:4*-----

110 [pa·-. s] 
with 2 000 .ppm 

ELASTO·LT.M. 

1 .4 
-2 .. 0 
2·.7- .._-..--~- ...--.~ ~... 

*	 Addition of 2 000 ·ppm ELASTOLT.H. to the "chocol~te mousse w 

obtained from untreated Arabmed after 100 hours • 

..-._._--_ .. _----_... - ------ 
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Stirring ~ntervats of • hou~s and various rest periods have. be~n . 
AP~~ied. T~e first columQ giye$ t~e total stirring ti~e aqd th~ 

secollQ column the. total '~esiqence ·time af AraQm~d in the buc~et- . 

whe·el te.5t. For the untre~ted crud~· oil .the f+rst. stirring'· int~rval 

yiel~& a "·chocolate mou'Qse~ of 2 pa· s~ ~.i th increasing. ~es~d·enae 

tlme. due to' .ev~poratiop tbe wlno\lsse· visco~ity "i~c~e:~seCJ lIP J;o 

12.2 Pa·s (100 h). 

When .2 000 ·'ppm .EL~STOtT.M .. powder ~e"['e' spread ·on the mOusse a ~rop 

.in the' eRlulsio~.t~iscosity to 5.4· fa·s was observed afte~ ,-n9thE;r 

stirring period of 4 hou~s tlast line in·.Taple 6). :This aqeans t,hat. 

the pumpability of the emulsion is ~proved and. th~' adv~ntage.qf 

el~$ticity is obtained by ,application of ELAS~OL~·M•. even after 
the formation of a stiff "mousse". When ELASTOLT"•.~. was .sp~ea.d on 

the oil layer at the beg·inning of the tes·.t,. viz~ be·fore ·th~: ' 

for~ation of a ·chocolate mousse-, the effect· ~ viscosity red4ction 
.. ..... ", 

W4S even IflOre p·rQnou'nc~d l fOl,lrth cpl:untn')·. . 
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AppenalX 

Results on ELASTOLT.K •. t~eated oil~ abtainedbX other Authors 

!l~§~!!~~~~~!!!_!!!!9!ns!!!-~!£a92!g9~_~j!i§!2nL~Q~!!~! 

In ~ exten~~v~ study Bob~a ~nd' ~~ng~s et al~' [10] investigat~ the 
~ff~ct ~'. BLA~TOLT.M. on etght dlffe'rent; .crude 011s 8S well as 

die~el i~ both am'all ~cale·laboratory ex~eri~ents and large ta~~ 

tests with and without ~aves. 

In order :to measu~e the elas~ic prope~ties of ~LASTOLT.M~/oll· 

solutlons t-hese .investigators made use ·of tht! die swell p~ellOQI~non: 

The diameter of a visc~~lastic fluid extrude4 through a smail : 
cijpillary is great~r ·than the: die d.iamet~·~,. ~epending on t.he qf!gree' 
at. elasticity of. the soiLltion. A' d.istinct .die 'swell was Obse~Vf!d for 
Bt.AS.TOL~.• M•../oil solutions.; The effe~t.. incJ:'e~sed wi.t~ incre4sin~ 

.i~in9 energYr powder co~centration,. ~nd temp,~~ure. 

I 

EL~s'i'.oLT .K.· had no e~fe~t:, on flash point a~d ·evapo.rati~il ~ata.. 

It coul~ b~ shown th~t ·the spread~n9 .of oil ·sli.cks. on calm water' is 
t::educed by addition at l~rger aiuo~n.ts: of .ELASTOLT~M. (>' 5 000 ppm). 

Tbe ~educti()n ~pen~s .on the quantity 'of ELA5TOLT.H·ac~uailY 

dissolved in·the oil. In the case'of Albert"a Sweet Mixed Blend . I' - . 

(ASMll) crude oil wi-th. 110' :s: 9.• 2 mPa-s' a~d. a p.owd.er conc.e-n~rati-ofl 

ot 6 000 ppm the spreading was re~uced to 1/3· of· the' value wit~out 

ELASTOLT.M·I . 

Concerning the formation' of' water-tn-crude ol~ emulsions it is 
. rep0l='ted that :ELA$TOLT~M.· has only.a ·weak. influence On the 

eJilutsion' formation tend~ncyI b~t the water con.tent of the. "chopo:Late 

JIlousse" is reduced conSiderably•.For instance, ,1- 1 i tre . wEmulsi fying 

Mix" (= ASMB/Bunker C 1: 1.) forms 10 t"itres of stable eJllul:sion, after 

a~qition of 6 000 ppm f,:~ASTO·LT.M. only 4.3' .litres are pJ"oduc.ed. 

~h~s behaviour ia .to s9me e~t.ent still v~~id when ELASTOLT.M·, i~ 

adqed after'the emulsification pro~ess~ 

r
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I~ s~41~ scale wave gener~t1ng tank tests (35 .11t~es·content) !t was 
tQun4' that ELASroLT.·H. -·tJ'eated oilf$ have a l"awe r fraction 

diepers~d in the w~~er:pbas~ ~nan. untreate4 ·oiis •. ~urther~Oret for 
.o§t of the oils 'the wa~~r content of ELASt.J;OL'i'~"· treated 

enu.Jlsi·ons was 6i9ni.fi~antly teduc~d (on average 65' '!ess _for 
6 000 p~.). At the &~~~_t~_e. the '~ncrease 'in'vls~osit~ due to 
e.u~8ification was st~ongly ~uppresse~ bY·~LASTOLT." •• 

~he ~u~hor6' report thqt the eftect of ELASTOLT~M. on
 

viscoelas'ticity in the' pr~se.n.ce o~. sait water was onl)' sl:i·ghtl.¥
 

smaller than wit~ 'fre~h wat.r.
 

The application of. 'a <lls~~rsant and· ELASTOLT.H. at the same' t.ia,e
 

t:~quc~d. the. d~sp.e.rsant effecJ:iv-ity. by 70t, Qow~ver, the amount. of
 

qissolved .Qil was still by a .factor of ··1 000 higher th'an wit·h0l;1t
 
.diBp~fsant. ~ "'.
 

E1:IAS~LT .• .M •. di~ not negat-ive1y. aff.ect. the 'eff~eiency of an
 

emu1siQn inhibitor applieq at the same time.
 

LArge. 'scale . th.a!}k ~est6 wi~h waves (75 1 Norman Well~ crude 01+) 

showe~ that the dissolving speed'Qf the ELASTOLT.M. powder is 
.lncre46~d .wi th gr~~in9 wa·ve height· (m~x i.n~ ene.rgy). Fl:lrtbermor~f is 

W~S obse~ved tha~ in the case af waves the 'pOwder lQa~··be sprea4 in a 

. ~·iQdo. lQan~er. without di.~advantages for. the dissolving' speeq and the 

homo~eni~y of the final .s~~~tion. 

An 0·t1 spill of 7S 1 kept it:l bQoms (wav~s. h~i9ht 1~ em) CQuld. q.eArly 

com~l~tely (70 1) be ~~covereq by ~ Morris MI-2C skimmer ~fter the 
aQQition of 6 70.0 ppm EL~TOLT.M •• 

The positive results of further tef!.t:s with. ELASTOLT.K. perfQr l1lc;d
 

of'f-~hpJ:'e' by M•.fj.n9~~· {Environment Canada)" will be publi$hecl !n the
 

n~4l:'.tutu~e.
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~l_~!!!!~_~~~!!_~!!!~L_Y!~_!!~!!~ . 
At tlle Versuchsanstal~ ·tur·. 'fassel:".bau:. und S.cbi"ff·bau (VWS) 'ft.D. pebius 

[11] per~orlDed containna.ent ·t:ests +n. a 60,ID long and 2.5·1D. wid~' 

b<tai-n. M amount of 5 1. ~f·.o·il~ ",aspl~ced ·o~ one si~e of .a boo~ 

which could b~ ~ved' py. a towing· carri~ge .at variable speed.s. l'he 

qu~n~ity ~f in~ere$t·was. th~ bo~ velocity at'wbich tne first 
droplets app~ar on the back'eid~ ~.~ the ,boo. (drai~age fal1uI:'e J• 

In the case of calm wat'eJ," ~ ··concentration of' only 1 00.0 ppm' 

ELASTOL'1'.-H. \\fa.s. suffici~n~ to 'in~rease the .crit!c~l velo~it.y 

fJ:om 0.;.24 m/s to. ().48 IQ/sfot; llI\" ()ll of 'no" '22 .iDPa·'s vi~,cos1ty 

(AAC~OLT.H. 82). For ~ ~il .~f higne17 viscosity (PRIMOL'l'.M~· 35~, 
110 = 713 mPa.s) the..increase. \1f~S not so, pronounced, an effect. Wblch 

~~t pro~ably is due to i~complete dissolving ~f the ~LAsTq~'·~•. 
powdet'" at the applied mixing' time o~ '1 h_~ 

Wit~ yav~s of wave !en9t~·i.5 m ~nd ·~.13 m ~ave hei9~t a critip~l 
boom velocity of aoo~t' 0.30 JP/s w"s me'asured on MARCOLT.M. 82! The 

a~Plication of 1 000 p~ ~nd 3 000 ppm Bi,AST~LT.H. i~~re.~sed toe 
cJ:'itical veloctty up to 0.36 ~nd. 0 .. 4.2 m/s,·. respectiv~ly. . . .~. 
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Oil Dispersant Toxicity Test 
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03-18-92 12:40 PM ~ROM ERR, inc. ·I·O 7033352·95~ POI 
SENT By:'XEROX Telecopier 1017: 3-17-92 ":45 ~ 20"920l0S~ i14 533 6175;; 2 

e·· Unitec;f States Testing Company, Inc. 
Biological Servlct1l 

1416 Park Avenue
 
Hoboken, New Jetsey 07030
 
Tel: 201 ..792-2400
 March 17, 1992' Fa~ 201·658·0636

Jack ScambOB 
Environmental Recovery ,Resources 
35 Smith Ridge Road 
South Salem, New York 10590 

Dear Mr. Scambos: 

This letter is with regard to our conversatiQn earlier today, You
 
we178 interested in· further interpretation ot test;.ing performed by USTC
 
versus your product "Elastol tf • The study you were concerned with was
 
performed, for General Technology Applications, Inc. in March a.nd April
 
of.198? (USTC Report #06589J. You wanted an interpretive summary,

siT:lce none was given with the :report. The numerical summary follows:
 

'I'oKicant Artemia 4Sbr LCSO Fundulus 96hr LC~Q 
'Elastol >18,000 ppm >18,000 ppm
Elastol + Oil ,>3 I 200 ppm >18,000 ppm 
#2 Fuel oil 600 ppm 3,200 ppm 
oSS (ref tox) 12 ppm . 18 ppm 

Revie.w of the report indioates that th(! l=>roduct demonstrated no acute 
toxicIty· to either Artemia s~11na (brine sbrimp), or FundUlus 
heteroclitus (R~lli fish), at exposure levels up to 18,ODO ppm (the 
high~st product'concentration tested). 

When miXQd with. #2 Fuel oil (1:10 ratio of pro~~ct.to oil), the produ'ct 
demonstr~ted no toxicity toA. salina at an exposure level of ~200 
ppm. At 3200 ppm, the produot/atl mixture contained 320 ppm Elastol 
and 2,880 ppm 12 Fuel oil. since the. toxicity o'f '2 Fuel Oil was 
determined to be GOO.ppm, Elastol caused an alJparant toxici ty reduction. 

When mixed' with #2 Fuel Oil, the product demonstrated no toxicity to 
F. heterocl1tus at an exposure level of 18,000 ppm.. At 18,000 ppm, 
the product/oil mixture cont~ined 1,800 ppm Elastol and 16~200 ppm. 
~2 FUGI Oil. since the toxicity of '2 Fuel Oil was determined to be 
3,200 ppm, Elastol caused ~n apparent toxicity ~eduction. 

Bear in mind that I was not involved in the above mentioned tes~inq, 
and can only interpret what was re.ported.. If you have any questions, 
or if I can be of further servioe, do not hesitate to call me.

sttriJt 
U{~OOke 
Mgr, Ecoto~icology 

J.l1"\,"c:nn ,"\ nn.." 
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United States Testing Company, I'ne. 

Biological Services Division 
1415 PARK AVENUE. HOBOKEN, NEW JERSEY 07030 • 201-792-2400 

EST. 1810 

REPORT OF TEST 

EPA Standard Dispersant
Toxicity Tests 

of 
BLASTOL 

Conducted for: 

General Technology Applications Inc. 
7720 Mason Kio9 Court 

Manassas, Virginia 22110 ... 

April 14, 1987 

TEST REPORT NO. 06589
 

SIGNED FOR THE COMPANY
 

vJ~~- . 
Daniel 'Dr~dowski ' 

Hgr, aiological Services Division 
Laboratories in: New York • Chicago • los Angeles • Houston • Tulsa • Memphis • Reading • Richland 

THIS REPORT Ar'1.IU ONLY TO THE STANDARDS OR PlIOcmuRU JDEffTrFIED AND 10 THE SA.PLEtS) TESTED. THE TEST RESULTS ARE NOT IIECESSARILY INDICATIVE OR 
Il£PREUIITATIYI Of TH.£ QVAlITIEI OF THE LOT ...11011 WHICH THE SA••LE WAS TAUN Olt 0' APPARENTLY IDEIITICAL OR SIIiJUR 'RODUCTI. MOYHIKCO: COIITAIIIED 
IN THIS "EPOIrT SHALL IIUN THAT UIlITED STATES T£STIIIG CO.PANY••NC•• CONDUCTS ANT QUALITY COIITROL 'ROG.AII'FOR TH~ CUDCT TO WIIO. THIS TEST R~
PORT IS ISSUED. allLUS SPECIFICALLY S'ECI'IED. OUR REPORTS AIID LETnItS AlIt: 'OR THE EXCLusrvt IJSt ,OF THE CLIENT TO WHO. THO AaE ADD.UUD. 
AND THEY AND TH! NAME OF THE UNITED STATES TESTI1C5 COMPANT, 'NC. OR ITS SEALS OR 'NSIGNIA. ARE NOT TO aE USED UNDO ANY ClIICUIISTANCO IN ADVER. 
TISING TO,Tlff CiiEMOAL .uaLlC AIID "AY NOT BE USED "I ANY OTHD MANNER WITHOUT oua ,.,oa .RITTEN APPROVAL SA....LU NOT DUTltOftD IN TESTIIIG 
ARE RETAINn A UJt1.MUM Of' THIRTY ~TS. 

A Member of the SOO Group (Soc1ete Generale de Surveillance) 

r 



UnHed-Stafes Testing Company, Inc. 

~: General Technology Applications Inc. 06589
 
4/14/87
 

~roject·:	 EPA Revised Standard Oil Dispersant Toxicity Test
 
(July 1984)
 

Sample:	 An' oil coagulant submitted and identified by the Client as: 

Elastol (fine white powder) 

Procedure:.	 Tests were in accordance with the EPA RRevised Standard 
Dispersant Toxicity Test", Federal Register, 49~1.39, p. 29204
29207. 

Note:	 When blended and mixed with the salt water test medium, as 
specified by the EPA method, Blastol remained ~atgely undissolved. 
Elastol-oil combination·s. formed into a sticky, rubbery sUbstance. 

Summary of Results: 

Artemis salina Fundulus heteroclitus 
48 hourLDSO (ppm) 95' CI 96 hour LDso...le.E!!l 9S,'CI 

Toxicant 

Elastol >18,000 N/A >1"8,000 N/A 

'2 fuel oil 600 3200 

1:10 mixture, Elastol 
and" 12 fuel oil 

>3200 N/A >18,000. N/A 

DSS (reference toxicant) 12 18 

-1
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~nlted States Testing Company, Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

Sample: Elastol 

"Test Dates: 3/26 ~ 3/30/87 

OrganIsm: Fundulus heteroclitus 

Test Cone. % Mortality (hours) Initial Final 
(ppm) 24 48 72 96 D.O. pH D.O. pH 

Control 0 0 0 0 7.0 7.8 7.0 . '7 •. 9 

10,000 0 0 0 0 7.0 7.8 4.0 8.0 

18,000 0 0 0 0 7.0 7.8 4.0 ·7.9 

Temperature: 22°C 

Dilution water: Artificial Sea ·Water 

Salinity: 20 ppt 

Source: Scientific Suppliers 
x-weight 1 - 1.5 9 x length 40 - 50 mm 
no./cone 10 

Summary: . 

Leso : >18,000 ppm 
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United States Te~tlng Company, Inc. 

Client: General Technolo9Y Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

Sample: Blastol 12 Fuel Oil (16:1)
 

Test Dates: 3/26 - 3/30/87
 

OrgaDism: Fundulus heteroclitus
 

Test Cone. , Mortality (hours) In.1tial Final 
(ppm) 24 48 72 96 D.O. pH D.O. pD 

Control 0 0 0 0 7.0 7.8 7.0 7.9 

10,000 10 10 10 10 7.0 7.8 4.0 7.9 

18,000 10 10 10 10 1.0 7.8 4.0 7.9 

Temperature: 22·C 

Dilution water: Artificial Sea" Water 

Salinity: 20 ppt 

~ organism: Source: Scientific Suppliersx weight 1- - 1.5 9 x length 40 - 50 mm 
no.:/conc 10 

LCso: >18,000 ppm 
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United States Testing Compa~y,Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results. , 

Sample: Blastol 

~est Dates: 3/26 - 3/28/87 

Organism: Artemia salina 

Test Cone. , Mortality (hours) Initial Final 
(ppm) 24 48 D.O. pH D.O. pB 

Control 0 0 7.0 7.8 7.0 8.0 

10,000 0 0 7.0 7.• 8 7.0 8.0 

18,000 ·0 0 7.0 7.8 7.0 8.0 

Temperature: 22·C 

Dilution water: Artificial Sea Water 

salinity: 20 ppt . 

Test organism: Source: In-house culture 
age . : -24 - 48' hra 
no./cone: 100 

Summary: 

LCso: >18,000 ppm 

-4
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UnHed States Testing Co~pany,Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing ·Results 

~: Elastol 1: 10 with '2 Fuel Oil
 

Test Dates: 4/3 - 4/5/87
 

OC2anism: Artemia salina
 

Test Cone. t Mortality (hours) Initial Final. 
(ppm) 24 48 D.O. pH D.O. pH 

.Control 0 0 8.0 7.8 6.5 7.9 

32 3 3 8.0 7.8 6.5 7.9 

100 0 0 8.0 7.8 6.5 7.9 

320 0 0 8.0 7.8 6.5 7.9 

1000 0 0 8.0 7.8 6.5 7.9 

3200 0 3 8.0 7.8 6.5 7.9 

Temperature: 21·C 

Dilution water: Artificial Sea Water 

Salinity: 22 ppt 

Test organism: Source: In-house culture 
age : 24 - 48 hrs 
no ./eone·: 100* 

*Note: n=60·organisms/conc. were used for confirmation tests.
 

Summary:
 

LCSO: >"3,200 ppm
 

-5
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United Stales Testln.g Company, Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

Sample: No. 2 Foel Oil alone 

Ocqanlsm:·Fundulus heteroclitus 

~ ~: .3/5/87 .- 3/9/87 

. Percent Mortality 
Test Cone. (hours) Initial Final 

(ppm) (24 ) (48) (72) (96) D.O. pH D.O.• pH 

Control (0.) 0 0 0 0 9.0 7.7 8.0 '7.6 

100 0 0 0 0 8.8 7.6 8.0 7.6 

1000 0 0 O. 0 8.6 7.6 8.0 7.6 

10000 0 0 70 100 8.0 7.6 7.0 7.6 

'l'emperature: 1-9.:t1·C 

Dilution water: Artificial Sea water 

Salinity: 20 0/00 

Test ~rganism:	 Source: Scientific Suppliers (Mas~achuBetts & N.H.)
X weight: 1.0-1.59 x length: 4S mm . 
no./cone.: 10 

Summary: 

LeSO: 3,200 ppm 

Laboratory Note: The above test was run for. reference purposes 
only. In five separate test~ conducted pr~vious to this project, 
dating from 1983 "to 198~, the toxicity of '2 fuel oil to Fundulus 
has been 'reported as >1,000 ppm to >10,000 ppm. At 10,000 ppm' 
(1% in water) there is a significant oil slick which can directly 
adhere to and irritate swimming organisms. 

-6
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United States Testing Company, Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

. Sample: ~~.	 2 Fuel Oil only. 

Organism: Artemia salina 

Test~: 3/6/87 - 3/8/87 

Percent Mortality 
Test Cone. (hours) Initial Pinal 

(ppm) (24) (48) D.O. pH D.O. pH 

Control (0) 0 0 7.0 7.6 7.0 7.6 

100	 0 20 7.0 7.6 7.0 7.7 

.1000	 0 70 7.0 7.6 7.0 7.5 

10000	 0 100 7.0 7.6 7.0 7.4 

Observation:	 Physical entrapment of organisms in surface oil
 
contributed to mortality.
 

Temperature:	 21+1·C 

Dilution w~ter: Artificial Sea water 

Salinity: 20	 0/00 

Test organism:	 Source: San Fransisco .BaY Type (cysts) 
age newly' hatched lab culture 
no. /eone.: 100 

Summary: 

Leso: Approximately 600 ppm (range 1000 - 10,000) 

Laboratory Note: The above test was run for reference purposes 
only. In five separate tests conducted previous to this project 
dating .from 1983 to 1986, the toxicity of '2 fu.el oil to Artemia 
has been reported in the range of 600 ppm to >3200 ppm. .The 
organism is very small (less than 1mm) and thereby susceptible to 
scavenging by oil droplets or slicks. Mortality is not always 
attributable to chemical toxicity. 

-7
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United States Tes.lng Company, Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Re~ults 

Sample: Dodecyl s~diums~lfate (reference"material) 

Organism: Fundulus heteroclitus 

Test D~tes: 3/5/87 - 3/9/87 

Percent Mortality 
Test Cone. (hours-) Initial Pinal 

(ppm) (24) (48) (72) (96) D.O. pH D.O. pB 

0 0 0 0 9.0 7. 1 7.8 7.0 

3.2 0 0 0 0 8.8 7.2 7.8 7.1 

10* 0 0 0 0 8.8 7.2 7.6 7.1 

32 100 ·9.0 7. 1 7.8 7.1 

100 100 9.0 7.2 8.6 7.2 

*10 ppm exhibited stress, but DO death 

Temperature: 20!1~C 

Dilution water: Artificial Sea Water 

salinity: 20 0/00 

Test organism:	 Source: Scientific Suppliers (Massachusetts & N.B.)
i weight: 1.0-1.59 x length: 45 DUD 
no./conc.: 10 

Summary: 

LCSO : 18 ppm 

Laboratory Note: The above test was run for reference purposes 
only. In five separate tests conducted previously, dating from 
1983 to 1986, the toxicity of DBS to Fundulus has been reported 
as 2.7 ppm ~ 1.4 ppm. 

-8
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United States Testing Company. Inc. 

Client: Gamlen Chemical (Division of Sybron) 06589 
4/14/87 

Toxicity Testing Results
 

Sample: Dodecyl sodium sulfate (reference material)
 

Organism: Artemia salina
 

Test Dates: 3/11/87 - 3/13/87
 

Percent Mortality 
'Test Cone. (hours) Initial Final 

(ppm) (24) (48) D.O. pH. D.O~ pH 

1- 0 lS 7.0 7.8 7.0 7.8 

3.2 0 25 7.0 7.8 7.0 7.8 

10 0 45 7.0 7.8 7.0 ·7.8 

32 15 60 7.0 7.9 7.0 7.9 

Temperature: 21±1°C 

Dilution water: Artificial Sea Water 

Salinityt 20 0/00 

Test organism: Source: San Pransisco Bay Type (cysts) 
age newly hatched lab culture 
no./cone.: 100 

Summary:
 

LeSO (and 95% confidence limits): 12 ppm (4.8 - 30 ppm)
 

LaboratQry Note: The above test was run for reference purposes 
only. In five separate tests conducted previously, dating from 
1983 to 1986, the toxicity of ess to -Artemia has been reported 
as 4.5 ppm ~ 2.7 ppm. 

-9
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Unl~ed States Testing Compan~, Inc. 

Client: General Technology Applications Inc. 06589· 
4/14/8' 

Project: EPA Revised Standard Oil Dispersant Toxicity Test 
(July 1984) 

Sample: An	 oil coagulant submitted and identified by the Client as: 

Elastol (fine white powder) 

Procedure:	 Tests were in accordance with the EPA -Revised Standard 
Dispersant Toxicity Test", Federal Register, 49:139, p. 292 
29207. 

Note:	 When blended and mixed with the salt water test medium, as 
specified by the EPA method, Elastol remained largely undissolvE 
Elastol~oil combinations formed into a sticky, rubbery substance 

Summary of Results: 

Artemia salina .. Fundulus beteroclitus 
48. hour L050 (ppm) 95% CI 96 hour LD5Q~ 95% 

Toxicant 

Elastol >18,000 N/A >18,000 ~ N/l 

i2 fuel oil 600 3200 

1:10 mixture, El~stol 

and 12 fuel oil 
>3200 N/A >18,000 

DSS (reference toxicant) 12	 18 

-~-
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United States Testing Company, Inc. 

Client: General Technology Applications Inc. 06589 
4/14/8 

Project: EPA Revised Standard Oil Dispersa·nt Toxicity Test 
(July 1984) 

Sample: An	 oil coagulant submitted and identified by the Client as: 

Elastol (fine white powder) 

Procedure:	 Tests were in accordance with the EPA "Revised Standard 
Dispersant Toxicity Test", Federal Register,. 49:139, p. 292 
29207. 

Note:	 When blended and mixed with the salt water test medium, as 
specified by the EPA method, Elastol remained largely und"issolvE 
Elastol-oil combipations formed into a st.icky,· rUbbery substancE 

Summary of Results: 

Artemia salina .. Fundulus heteroclitus 
48. hour LDso-TPPm) 95% CI 96 hour LD50~ 95% 

Toxicant .!: 

Elastol	 >18,000 N/A >18,0.00. ? N/l 

12 fuel oil 600	 3200 

1 : 10 mixture, .E.l~stol >3200 . 'N/A >18,000 N/~ 

and 12 fuel oil 

DSS (reference toxicant) 12	 18 

-1';" 
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Abalone Larval Development Test Memorandum
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M·EMORAftDUK 

TO: All 

FROM: A1 Hadermann 

DATE: June 29, 1992 

SUBJECT: Abalone larval Develo~nt Test 

I read wAbalone Larval Development Short-Term Toxicity Test Protocol,· which 
received from the California State Water Resources Control Board•. This 
information can be used to better understand the significance·of the results 
on Elastol. 

The Organism 

Male and female aba~one (7-10 cm length) are· used to provide fertilized eggs
under controlled conditions. Eggs are· placed in sa·l ine solutions, conta-ining 
potential toxicants, before the first division occurs. ThUS,. all division and 
growth of the single cell embryo to a trochophore larva, which hatches and 
develops into a veliger larva, occurs in the presence of the potential 
toxicant. This all occurs in 48 hours. At the end of·48 hours, formalin.is 
used to fix the larvae-. The larvae are then individually inspected for 
evidence of normal and abnonmal development. Although not inclusive, abn~rmal 
development involves shell development defects. 

Toxicity Determination 

Toxicity is expressed as %of larvae with normal development. A control 
laboratory sample, with no added toxic~nt, typically can show· 83.4% nonmally 
devel~ped larvae. A· reference·toxicant containing 18 micrograms/liter of zinc 
ion could show 77.6% normally developed. larvae, which ;s not statistically 
significant. On the other hand, at 32 micrograms of zinc ·ion/liter,_ only 6.6% 
of normally developed larvae were seen. The no effect concentration (NOEC) in 
this case is 18 micrograms/liter of zinc ion, while the low effect 
concentration (LOEC) concentration is 32. 

All of the f~110wing Elastol extract concentrations showed fewer abnormally
developed abalone larvae than either the control-lab or blank samples run at 
the same time: 0.1, 1.0, 3.2, 5.6, 10.0, 18.0, 32.0 and 56.0%. None of these 
Elastol samples differed significantly from the percent of larvae with normal 
deve.lopment 1n the reference- samples .. ~.Actuall'y.·,~~however, all El asto1 results 
were sl ightly 1ess toxic than· the. ·norl:=tox.fc·~:'··.l'e.ferences. No other [1 astol 
extract tests were run between 56. OS.. and-·l00.0~·" . Since the 100.~ test 
suggests that there was no ·saline habitat- for the larvae, the number of 
abnormal larvae may be an artifact of the test. 

Conclusion 

Elastol.did not interfere with the· normal development of abalone larvae. The 
test at 100.0% was ·forced beyond the characteristics of the medium to support 
the organisms. Therefore, the HOEC of 56.~ and the -LOEC of lOO.~ are 
conservative. 

r 



Attachment 15
 

2008 Power Test
 



Cleaning Tomorrow's Air Today 

After review of the post durability test dated January 4, 2008, comments coming back 
from C.A.R.B. indicated questions about engine power. It appeared that there were 
reductions in the average H.P. specifically the first mode. Viscon California was 
instructed to have a Caterpillar field technician inspect the engine. After inspecting the 
engine the technician advised Viscon California that the turbo charger was leaking oil 
into the combustion chamber and due to leaking seals the engine would not make full 
power. The following report is a test performed that will show a return to full power with 
a rebuilt turbo charger installed 

Viseon California, LLC
 
3121 Standard Street, Bakersfield, CA 93308 Phone: 661.327.7061 Fax: 661.327.7743
 



Attachment 16 

DTSC & OEHHA/ATEB QUESTIONS & ANSWERS 



.........
 
Department of Toxic Substances Control 

• 0: •. 

. ~ ~•Maureen F. Gorsen. Director 
Linda S. Adam's 1001 "I" Street .. Arnold Schwarzenegger 

Secretary for P.O. Box 806 Govemor· 
Environmental Protection Sacramento. California 95812-0806 

MEMORANDUM 

TO: Bob Okamoto 
Air Pollution Spe_cia.list 
Air Resources Board 

FROM: . Li Tang ~~ 
.Multimedia Products Section . 
Department of Toxic Substances Control 

S·UBJECT: Comments on Visean Multi Media Evaluation (Tier II) Dated November 14, 
2008. 

. . 

DATE: December 23, 2008 

Staff of the Department of Toxic Substances Control (DTSC) reviewed the November
 
14,2008 Visco'n Multi Media Evaluation (Tier II) prepared by Las Palmas Oil and
 
Dehydration Company. According to the draft "Guidance Document and .
 

.Recommendations on the Types 9f Scie~tific Information to Be Submitted by Applic~nts 
for California Fuels Environmental'Multimedia Evalua,tions", a Tier I report must develop 
a work plan and a Tier II report must develop and review· the risk assessment protocol 
for future actions and reports. In general, DTSC found this.Tier II report acceptable. 
However, the response regarding the analy~is of th~ spill release into soil of Visean 
diesel in Attachment No. 16 did not adequately address the issue in DTSC's comment 
#3 dated· May 21,·2007.. 

'To further clarify DTSC's comments on the Tier I report, DTSC adds the following 
explanations and requests regarding the spill of diesel c9ntaining Viscon onto soil. 
DTSC understood that Viscon is an effective additive to reduce air emissions (page .3 of' 
Tier II). It does not contain toxicity (page 4 of Tier II). However, if the Viscon diesel 
accidently spilled onto soil, the contaminated soil could be hazardous because diesel 
contains hazardous components1. 'The Tier II report stated that the Viscon ~dditive may 
prevent the diesel dispersion through underground soil after a spill due to its high 

1 Ultra Low Sulfu'r Diesel Material Safety Data Sheet
 
http:tlwww.gwec.com/media/EDocs/UltraLowSulferDieseI1.pdf
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December 23, 2008
 
Page 2
 

viscosity property (page 4 of Tier II). Since there are no supporting references, please 
.provide reference(s) or actual test data to support the above statemenr. . 

Since Viscon is highly viscous (pa.ge 4 qf Tier II), it is unknown how the existence of 
Viscon may impact cleanup procedures of the Viscon diesel-cpntaminated soil. The . 
common cleanup processes for diesel-contaminated soil include soil excavation3

, 

thermal treatment4, and bioremediation5
,6. It is also unknown if the increase of viscosity 

of diesel affects the cleanup cost or technical process. Therefore, DTSC suggests that 
'the company provide literature references if available, or conduct te~ts on the properties 
of diesel-contaminated soH with and without Viscon; such as soil density, soil-diesel . 
absorption ratio, and, heat removal rate arid biodegradability of diesel in soil. Then.' 
provide an analysis of the positive and negative effects on cleanup processes based on 
actual data. ' 

DTSC has additional comments as follows: 

1., The first page of the Tier II report Part I, states, "Viscon is used at less than 5 part 
, per-millions (ppm) UHMWPIB to the end use GARB diesel." Part 11-8 states, "It is 

. ".' used at a dose level in diesel'fuel of about 500 ppm." Please clarify the ' 
concentration level difference. 

2.	 Some att~chments" in the report were published the in early or late 80's. For 
example, Attachments 6,9,10, and 11 indicate that UHMWPIB has been used 
as an oil spill agent., If these attachments are used to" prove that Viscon is not 
toxic and has a long history of safe usage in the environment, please provide 
updated information. Is polyisobutylene still used as an oil collection agent 
currently? If n'o~, are there any safety issues involved in the updated information? 

2 One example of experiment protocol is provided here for your reference, which determined mechanism
 
affecting the infiltration and distribution of fuel in the vadose zone. (Cory J. McDowell and Susan E.
 
powers, "Mechanism Affecting the Infiltration and Distribution of Ethanol-Blended Gasoline in the Vadose
 
Zone", Environ. Sci. Technol. 2003,1803-1810)
 
3 Procedures for the Remediation of Diesel & Gasoline Spills,
 
http://www.deq.state.ok.us/factsheets/land/Dieselspill.pdf "
 
4 Remediation Technologi~s Screening Matrix and Reference Guide, Version 4.0,
 
http://www.frtr.gov/matrix2/section4/4-26.html
 
5 Principles and Practices for Diesel Contaminated Soils, Volume 4,
 
http://www.aehs.com/publications/catalog/contents/pvoI4.htm.
 
6 Bioremediation (Natural Attenuation and Biostimulation) of
 
Diesel-Oil-Contaminated Soil in an Alpine Glacier Skiing Area "
 
R. MARGESIN* AND F. SCHINNER
 
Institute of Microbiology, University of Jnnsbruck, A-6020 Innsbruck, Austria
 
Received 18 December 2000/Accepted 24 April 2001, http://aem.asm.org/cgi/reprint/67/7/3127.pdf
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3.	 Please clarify why the usage· as an oil collection agent is relevant to Visean's 
multimedia risk assessment, such as aquatic toxicity. . 

. . . . 

4.	 Attachments 7 and 12 are about viscosity tests. Please explain how the results of 
these tests support the fuel multimedia risk assessment. 

If you have any quest"ions, please contact me"at (916) 322-2505, or Itang@dtsc.ca..gov. 
Thank you. . 

cc:	 Sonia Low, .Supervisor 
Multimedia Products Section 
Office of Pollution Prevention and Green Technology 
Department of Toxic Substances Control 

.Sherri Lehman, Chief
 
Taxies in Products Branch
 
Office of Pollution Prevention and Green Technology
 
Department of Toxic Substances Control
 



OEHHA/ATEB COMMENTS ON VISCON TIER II REPORT (12/08) 

1.	 TAB 8, Table 1: WTD AVG. Total PM for Test No. 8MLP49 =0.210 and Averages (BL 
After Viscon) =0.268. But, in Table 1A: 8MLP49 Total PM =0.282 and 5-Test Average = 
0.282. That was a typo on table 1A 

2.	 Table 2, comparing VOC emissions, what does <RL mean for butadiene? 
Reporting limit 

3.	 Regarding the measurements of PM, where's the PM sampling protocol (SOP)? 
a.	 Was the PM separated by size? If so, what is the range of PM sizes captured on 

the filters, and what is the relative efficiency for each size range: PM 10, PM 
2.5, ultrafine? The test protocol called for PM 10 only. 

b.	 Is there any difference in the particle sizes produced with Viscon vs ULSD? A 
substantial increase in ultrafines would be source of concern even if the total 
PM decreases. The protocol did not ask to define particulate size. 

4.	 OEHHA raised a concern with question 3, dated 2/2/07 (TAB 16), regarding the 
significant increases in some carbonyls and VOCs (e.g., 43% increase in benzene, 
23% increase in formaldehyde, 26% increase in acetaldehyde, and 77% increase in 
acrolein). According to Viscon's response, "The decrease in PM and C02 more than 
offset these increases. Although the percentage change would appear large, the 
g/bhp-hr are a very small number compared to the tons of reductions in PM and 
C02." However, in TAB 8, Summary of Data, the decrease of 24.72% in PM appears 
to be .calculated from a decrease of 0.0655 g/bhp-hr in PM. By that reasoning, 
would the data suggest that the 0.003922 g/bhp-hr increase in benzene (43%), 
0.Q0621 g/bhp-hr increase in formaldehyde (23%), and the 0.004246 g/bhp-hr 
increase in 1,3-butadiene (1682%; TAB 8, Table 3) also result in tons of these 
compounds being added to the atmosphere as a result of the addition of Viscon, 
since there is only a 10-17-fold difference in numbers used to calculate the offset? 
How was it determined that the decreases in PM and C02 would offset the increases 
in VOCs and carbonyls with respect to impacts on human health? That was my error 
in not including the post durability results in the Tier 2 Report. The results are in the 
final report date January 11, 2008. As with the improvements of PM and NOX using 
Viscon over time improved the results of carbonyls and VOC's. See aHachment. 

5.	 Attachment 12 is labeled Toxicity and Soil Penetration. The physical properties of 
Elastol and described, but no discussion of toxicity. Where are the toxicity data, Tab 
13? AHachment 12 should just read Soil Penetration. 



Subject: Response to Memorandum DTSC Comments 

1. DTSC wants to know the basis of our claim that "Viscon additive may prevent the diesel 
dispersion through underground soil after a spill due to its high viscosity property." 

The company stated that under conditions of shear stress CARB diesel treated with Viscon 
has an immediate and temporary increase in viscosity and that this increase in viscosity 
could restrict travel of the fuel in soil. This is based upon the commonly known 
phenomenon that increased viscosity of a liquid reduces its rate of penetration through a 
porous substance. 

2. DTSC suggests on page 1 that we should conduct laboratory tests on the properties of 
contaminated soil samples, with and without Viscon. 

The ultra high molecular weight PIB content in treated CARB diesel is about 5 PPM. The 
company believes that it is not reasonable to require laboratory tests to determine whether 
the addition of 5 PPM of a C4Hs hydrocarbon to CARB diesel would have a significant 
effect on the density of soil contaminated with diesel, on diesel absorption ratio of the 
contaminated soil, on heat removal rate or biodegradability of the contaminated sample. 

3. Question # 1 from Memorandum dated 12 2 08 DTSC wants clarification of the difference 
between 500 PPM dose rate of Viscon and 5 PPM of ultra high molecular weight PIB. 

Viscon is used at a dose rate in CARB diesel of about 500 PPM. Viscon itself is comprised 
of 1 part ultra high molecular weight PIB and 99 parts CARB diesel. The ultra high 
molecular weight PIB content of Viscon treated diesel is about .01 x 500 PPM = 5 PPM. 

4. Question # 2from Memorandum dated 12 2 08 DTSC assumes that attachments 6,9, 10 
and 11 are for the purpose of proving that Viscon is not toxic and asks for additional history on 
the use of ultra high molecular weight PIB as an oil spill agent. 

Attachment 6 was included as background information. It was considered relevant 
because it represented past evaluation of ultra high molecular weight PIB as a substance 
acceptable for use in California waters. 

Attachments 9, 10 and 11 were included as background information showing history of the 
use of ultra high molecular weight PIB in environmental clean up operations. 

The company which owns the Viscon technology was spun off about 10 years ago from 
GTA, the company responsible for oil spill applications of ultra high molecular weight PIB. 
We have no information on current use of their oil spill technology. 

5. Question # 3 from Memorandum dated 12 2 08 DTSC asks for the relevance of the oil spill 
application to the multi media risk assessment. 

The oil collection product, Elastol, has the same active component, ultra high molecular 
weight PIB, as Viscon. We consider technical data relating to physical properties and 
toxicology of Elastol relevant to the risk assessment of Viscon. 



6. Question # 4 from Memorandum dated 12 2 08 DTSC characterizes attachments 7 and 12 
as viscosity tests and asks why these tests support the multi media risk assessment. 

Attachment 7 is a scientific description of the phenomenon upon which Viscon is based. It 
is intended to give the reviewer of the multi media risk assessment an understanding of 
how a minute amount of a simple polymer can produce a significant increase in the 
efficiency of internal combustion engines and in doing so reduce the production of harmful 
exhaust emissions. 

Attachment 12 is a scientific report on the properties of hydrocarbon liquids treated with 
ultra high molecular weight PIB in water environments. This study was included as 
background information related to potential releases of Viscon treated CARB diesel into 
water. 



Table 2
 
Percent change of various emissions comparing ULSF to ULSF wi Viscon - Caterpillar 3306 Diesel Engine (Units in g/bhp-hr)
 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006 

ULSF ULSF wi Visean 
BMLP17 BMLP1B BMLP19 Average BMLP39 BMLP40 BMLP41 Average Change 

VOC's (Analyzed via Gas Chromatography by Olson-EcoLogic Engine Testing Laboratories) 

1,3-butadiene 0.000245 0.000212 0.000300 0.000252 <RL <RL <RL <RL -1000/0 
benzene 0.008692 0.008825 0.009560 0.009026 0.011935 0.014013 0.012897 0.012948 43% 
toluene 0.004514 0.004058 0.004111 0.004228 0.005860 0.006042 0.006219 0.006040 430/0 

ethylbenzene 0.002038 0.001774 0.001621 0.001811 0.002025 0.002119 0.002183 0.002109 16% 
m&p-xylene 0.004081 0.003440 0.004175 0.003898 0.002775 0.002875 0.003084 0.002911 -250/0 

o-xylene 0.002292 0.002320 0.002320 0.002311 0.001828 0.001766 0.001810 0.001801 -22% 

PAH's (Analyzed via Gas Chromatography/Mass Spectrometry by Desert Research Institute) 

naphthalene 0.0000125192 0.0000071081 0.0000119718 0.0000105330 0.0000051731 0.0000046456 0.0000039993 0.0000046060 -56% 
2-methylnaphthalene 0.0000112961 0.0000084828 0.0000095142 0.0000097644 0.0000024317 0.0000027416 0.0000025569 0.0000025767 -74°k 

acenaphthylene 0.0000002048 0.0000001814 0.0000001930 0.0000001930 0.0000001683 0.0000001606 0.0000001573 0.0000001621 -160/0 
acenaphthene 0.0000005852 0.0000006578 0.0000007354 0.0000006595 0.0000000615 0.0000000706 0.000000061 0 0.0000000644 -90% 

fluorene 0.0000005526 0.0000005425 0.0000005102 0.0000005351 0.0000001376 0.0000001311 0.0000001238 0.0000001308 -76% 
phenanthrene 0.0000013504 0.0000013821 0.0000013007 0.0000013444 0.0000004623 0.0000005479 0.0000004993 0.0000005032 -630/0 

anthracene 0.0000001898 0.0000001834 0.0000001699 0.0000001810 0.0000000647 0.0000000816 0.0000000780 0.0000000748 -590/0 
fluoranthene 0.0000000719 0.0000000720 0.0000000579 0.0000000673 0.0000000559 0.0000000599 0.0000000350 0.0000000503 -25% 

pyrene 0.0000002207 0.0000002166 0.0000002438 0.0000Q02270 0.0000001584 0.0000001207 0.0000000982 0.0000001258 -45% 
benz(a)anthracene 0.0000000074 0.0000000084 0.0000000070 0.0000000076 0.0000000025 0.0000000015 0.0000000006 0.0000000015 -800/0 

chrysene-triphenylene 0.0000000108 0.0000000105 0.0000000141 0.0000000118 0.0000000073 0.0000000045 0.0000000042 0.0000000054 -55% 
benzo(b+j)fluoranthene 0.0000000016 0.0000000006 0.0000000006 0.0000000010 0.0000000000 0.0000000000 0.000000001 0 0.0000000003 -670/0 
benzo(k)fluoranthene 0.0000000005 0.0000000002 0.0000000003 0.0000000003 0.0000000002 0.0000000000 0.0000000003 0.0000000002 -500/0 

BeP 0.0000000013 0.0000000006 0.0000000006 0.0000000009 0.0000000005 0.0000000005 0.0000000006 0.0000000005 -37% 
BaP 0.0000000002 0.0000000000 0.000000001 0 0.0000000004 0.0000000000 0.0000000000 0.0000000000 0.0000000000 -100% 

perylene 0.0000000006 0.0000000000 0.0000000002 0.0000000003 0.0000000000 0.0000000000 0.0000000000 0.0000000000 -1000k 
indeno[123-cd]pyrene 0.0000000004 0.0000000000 0.0000000000 0.0000000001 0.0000000002 0.0000000000 0.0000000000 0.0000000001 -500k 

dibenzo(ah+ac)anthracene 0.0000000002 0.0000000000 0.0000000000 0.0000000001 0.0000000000 0.0000000000 0.0000000007 0.0000000002 299°k 
benzo(ghi)perylene 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000004 0.0000000001 



2 
Table 2 (cont.) 

ULSF ULSF wi Visean 
BMLP17 BMLP1B BMLP19 Average BMLP39 BMLP40 BMLP41 Average Change 

Carbonyls (Analyzed via High Performance Liquid Chromatography by Desert Research Institute) 

formaldehyde 0.027876 0.026773 0.027121 0.027257 0.035915 0.032348 0.032137 0.033467 23% 
acetaldehyde 0.007410 0.007211 0.007535 0.007385 0.009786 0.009169 0.008887 0.009281 26% 

acetone 0.002020 0.001754 0.001827 0.001867 0.002895 0.002536 0.002490 0.002640 410/0 
acrolein 0.000813 0.001405 0.000857 0.001025 0.002133 0.001474 0.001846 0.001817 77% 

propionaldehyde 0.001346 0.001304 0.001346 0.001332 0.001651 0.001444 0.001443 0.001512 140/0 
crotonaldehyde 0.000904 0.001060 0.001027 0.000997 0.001260 0.001122 0.001175 0.001186 19°A. 

4%methyl ethyl ketone 0.000527 0.000410 0.000448 0.000462 0.000484 0.000437 0.000518 0.000480 

methacrolein 0.000474 0.000491 0.000377 0.000447 0.000635 0.000500 0.000552 0.000562 26% 
butyraldehyde 0.004892 0.004370 0.005015 0.004759 0.004111 0.003893 0.004090 0.004031 -15°A. 
benzaldehyde 0.000631 0.000617 0.000652 0.000633 0.001054 0.000536 0.000583 0.000724 140/0 

glyoxal 0.000404 0.000134 0.000429 0.000322 0.000644 0.000631 0.000731 0.000669 1080/0 
valeraldehyde 0.000770 0.000515 0.000567 0.000617 0.000590 0.000424 0.000475 0.000497 -200/0 
m-tolualdehyde 0.000012 0.000025 0.000012 0.000016 0.000126 0.000101 0.000101 0.000110 570% 
hexanaldehyde 0.000350 0.000292 0.000305 0.000316 0.000453 0.000382 0.000270 0.000368 17% 

Table 3
 
Percent change of various emissions comparing ULSF to ULSF W/10x Viscon • Caterpillar 3306 Diesel Engine (Units in g/bhp-hr)
 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006
 

ULSF ULSF wi 10x Visean 
BMLP17 BMLP1B BMLP19 Average BMLP46 BMLP47 Average Change 

VOC's (Analyzed via Gas Chromatography by Olson-EcoLogic Engine Testing Laboratories) 

1,3-butadiene 0.000245 0.000212 0.000300 0.000252 <RL <RL <RL -100%
 
benzene 0.008692 0.008825 0.009560 0.009026 0.011786 0.010998 0.011392 26%
 
toluene 0.004514 0.004058 0.004111 0.004228 0.005157 0.005194 0.005176 220/0
 

ethylbenzene 0.002038 0.001774 0.001621 0.001811 0.001969 0.001515 0.001742 -4%
 
m&p-xylene 0.004081 0.003440 0.004'175 0.003898 0.002573 0.002435 0.002504 -360/0
 

o-xylene 0.002292 0.002320 0.002320 0.002311 0.001691 0.001706 0.001699 -260/0
 



Percent change of various emissions comparing ULSF to ULSF wi Viscon - Caterpillar 3306 Diesel Engine (Units in g/bhp-hr) 

VOC'S (Analyzed via Gas Chromatography by Olson-EcoLogic Engine Testing Laboratories) 

10/10/2006 12/21/2007 12/21/2007 12/21/2007 
Baseline Avg. 8MLPV58 8MLPV59 8MLPV60 Avg. Change 

1,3-butadiene 0.000252 0.004201 0.005098 0.003878 0.004392 1641°k 
benzene 0.009026 0.009855 0.009093 0.008764 0.009237 2% 
toluene 0.004228 0.005123 0.005008 0.004917 0.005016 190/0 

ethylbenzene 0.001811 0.002436 0.002532 0.002426 0.002465 36°k 
m&p-xylene 0.003898 0.003837 0.004109 0.004064 0.004003 30/0 

o-xylene 0.002311 0.002282 0.002894 0.002525 0.002567 11°k 

Carbonyls (Analyzed via High Performance Liquid Chromatography by Desert Research Institute) 

10/10/2006 12/11/2007 12/11/2007 12/11/2007 
Baseline Avg. 8MLPV52 8MLPV53 8MLPV54 Avg. Change 

formaldehyde 0.027257 0.032759 0.026156 0.031159 0.030025 10% 
acetaldehyde 0.007385 0.007214 0.006248 0.007383 0.006948 -6% 

acetone 0.001867 0.000364 0.001660 0.000632 0.000886 -53°k
 
acrolein 0.001025 0.000178 0.001332 0.000507 0.000672 -34°k
 

propionaldehyde 0.001332 0.001030 0.001104 0.001136 0.001090 -18°k
 
crotonaldehyde 0.000997 0.000000 0.000894 0.000101 0.000332 -670/0
 

methyl ethyl ketone 0.000462 0.000028 0.000241 0.000047 0.000105 -77°k
 
methacrolein 0.000447 0.000045 0.000000 0.000064 0.000037 -92°k
 

butyra/dehyde 0.004759 0.000519 0.000511 0.000645 0.000558 -880/0
 
benzaldehyde 0.000633 0.000350 0.000751 0.000366 0.000489 -23°k
 

glyoxal 0.000322 0.000000 0.000000 0.000000 0.000000 -1000/0 
valeraldehyde 0.000617 0.000000 0.000000 0.000000 0.000000 -100%
 

m-tolualdehyde 0.000016 0.000170 0.000340 0.000158 0.000223 1260%
 
hexanaldehyde 0.000316 0.000420 0.000316 0.000448 0.000395 25%
 



Olson-EcoLogic Engine Testing Laboratories, LLC 
8-Mode Steady State Traee Taxies by Gas Chromatography Results 

Chemist: Nathan Imus Date: 1212112007 

Sample Analysis 

Sample 10: 8MLPV58 
Sample Type: Dilute Exhaust 

Sample Time: 1212012007 15:10 
Dilution (OF): 8.5200 

Collection (min): 20 

Analyte 

1,3-butadiene 

benzene 

toluene 
ethylbenzene 

m&p-xylene 

a-xylene 

Sample Time: 

Analyte 

1,3-butadiene 

benzene 
toluene 

ethylbenzene 
m&p-xylene 

a-xylene 

ConCuncorreded (ppbC) 

237.50 
582.57 

455.71 

152.59 

271.42 

158.87 

Sample 10: Dilution Air 58 
Sample Type: Dilution Air 

1212012007 15:10 

ConCuncorreded (ppbC) 

3.42 

12.29 
162.49 

14.31 
53.60 

29.33 

Comments: wi Viscon 

Injection Time: 1212012007 15:18 
Weighted Avg. bhp: 131.5400 

Work (bhp-hr): 43.8467 
Tunnel Volume (m 3 Imin): 70 

Total Volume (ft3): 49441 

Injection Time: 1212012007 23:47 

Sample Result 

Analyte Conccorrected (ppbC) Cone (ppb) Raw Cone (ppb) Conc (g/bhp-hr) 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 
m&p-xylene 

o-xylene 

234.08 
570.28 
293.22 
138.28 
217.82 
129.54 

58.52 

95.05 

41.89 

17.29 
27.23 

16.19 

498.59 

809.80 

356.89 

147.27 

231.98 

137.96 

0.004201 
0.009855 
0.005123 
0.002436 
0.003837 
0.002282 



Lint Date: Fri Dec 21 14:00:30 2007 Page 1 of 1 

~i tIe GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 03 8mlpv58.run 
~thod File c:\star\methods\methods\121707~mth 
3.mple 10 03 8MLPV58 

:njection Date: 12/20/2007 3:18 PM Calculation Date: 12/21/2007 1:59 PM 

?erator NI Detector Type: 3800 (1000 Volts) 
:Jrkstation: STARWORKSTATIOy HOle Bus Address 45 

_nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
'eak Measurement: Peak Area 
'3.1culation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 200 ethane 61.18 11.948 0.020 2553 BB 2.0 0 
2 250 ethene 5328.00 13.904 -0.104 222338 BB 1.6 0 
3 300 propane 94.89 16.503 0.025 3960 BB 6.8 0 
4 390 ethyne 489.68 22.511 -0.219 20435 BB 2.0 0 
5 400 n-butane 474.83 23.001 0.109 19815 BV 2.7 0 
6 460 2-methyl 109.53 27.238 0.285 4571 BB 1.8 0 
7 500 n-pentan 181.38 29.186 0.053 7569 BB 2.0 0 
8 525 1,3-buta 237.50 30.405 0.035 9911 BB 1.9 0 
9 600 n-hexane 25.76 34.635 0.084 1075 BB 2.1 0 

10 650 benzene 505.59 41.166 0.007 21098 VB 2.4 0 
11 690 2,2,4-tr 24.77 42.046 0.024 1034 BB 3.0 0 
12 700 n-heptan 20.46 43.831 0.029 854 BB 2.8 0 
13 750 toluene 17.02 45.739 -0.056 710 PV 3.5 0 

----------- ========== ------ ======= ========== -----

Group 0 7570.59 0.292 315923 
----------- ========== ======= ========== 

Totals: 7570.59 0.292 315923 

:Jtal Unidentified Counts 463833 counts 

~tected Peaks: 132 Rejected Peaks: 1 Identified Peaks: 13 

tul tiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

3.seline Offset: -30 microVolts LSB: 1 microVolts 

Joise (used): 25 microVolts - fixed value 
raise (monitored before this run): 45 microVolts 

3.nual injection 

~rror Log: 

300 GC: 

:800 GC: 

k***************************************************** ************************ 



11.948 

'itle GC# 1 - LE S/N08901 
ln File c:\star\data\122007\3800.45 03 8mlpv58.run 
~2thod File c:\star\methods\methods\121707~mth 
;ample lD 03 8MLPV58 

~jection Date: 12/20/2007 3:18 PM Calculation Date: 12/21/2007 1:59 PM 

)perator 
Jrkstation: 
nstrurnent 

:hannel 

Nl 
STARWORKSTATlOy 
Lotus THS 
Front = FlO 

HUle 
Detector Type: 
Bus Address 
Sample Rate 
Run Time 

3800 (1000 Volts
45 
10.00 Hz 
59.940 min 

) 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart	 Speed 0.34 ern/min Attenuation = 1 Zero Offset = 1% 
tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o-----,---0.-00-0----------.--0.-02-5------------,-0-.-05-0-----------.0-.0-7-5----------,--0-.1-0-0---------.-0-.1-2-5---<WI=4.0 
1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

200 ethane	 12 
13 

250 ethene	 14 
15 
16

300 propane 
17 
18 
19 
20 
21 
22

390 ethyn~ 
23 
24 
25 
26 
27 
28 

460 2-methyl 

500 n-pentan	 29 
30525 1,3-buta 
31 
32 
33 
34 

600 n-hexane 35 
36 
37 
38 
39 
40 
41 

690 2,2,4-tr 42 
43 

700 n-heptan 

650 benzene 

44 
45 

750 toluene 46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Vo~s 

-----t::===-=-~------------------------------------=t_i+_H. 04 

------"1=---22.511 
23.001 

29.186 

30.405 

------e=-------.a.1.166 

-II 



------------ ---------- ------- ------- ---------- ------

------

------------

rint Date: Fri Dec 21 12:04:19 2007 Page 1 of 1 

_itle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 03 8mlpv58.run 
1ethod File c:\star\methods\methods\121707~mth 
ample ID 03 8MLPV58 

~njection Date: 12/20/2007 3:18 PM Calculation Date: 12/21/2007 12:01 PM 

'perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOie Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FID Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis
 
'eak Measurement: Peak Area
 
:alculation Type: External Standard
 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 300 n-propan 1307.24 15.030 -0.007 232845 VV 0.0 0
 
2 500 n-pentan 273.80 17.795 0.100 48769 VV 14.0 0
 
3 600 n-hexane 22.90 20.952 0.087 4079 VV 14.0 0
 
4 650 benzene 582.57 23.090 -0.059 103768 vv 4.6 0
 
5 690 2,2,4-tr 23.23 24.674 0.102 4137 vv 0.0 0
 
6 700 n-heptan 29.54 24.938 -0.041 5261 vv 14.8 0
 
7 750 toluene 455.71 27.729 -0.035 81171 VV 4.4 0
 
8 800 n-octane 68.92 29.379 -0.019 12276 vv 4.8 0
 
9 850 ethylben 152.59 31.974 0.013 27180 VV 5.1 0
 

10 860 m&p-xyle 271.42 32.308 0.002 48346 GR 0.0 0
 
11 880 o-xylene 158.87 33.364 -0.029 28299 VV 0.0 0
 
12 900 n-nonane 200.71 33.716 -0.001 35750 vv 4.3 0
 
13 980 1,2,4-tr 251.26 37.637 0.018 44754 VV 4.5 0
 
14 1000 n-decan 334.02 37.829 0.008 59495 VP 3.9 0
 
15 1100 n-undec 482.03 41.674 0.030 85859 vv 4.3 0
 
16 1200 n-dodec 336.57 45.287 0.020 59950 VV 4.4 0
 
17 1300 n-tride 160.33 48.641 0.007 28557 BV 4.3 0
 

------------ ========== ------- ================= 
Group 0 5111.71 0.196 910496 

========== ======= ========== 

Totals: 5111.71 0.196 910496 

~otal Unidentified Counts 4946851 counts 

etected Peaks: 203 Rejected Peaks: 2 Identified Peaks: 17 

1ul tiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

~seline Offset: 3 microVolts LSB: 1 microVolts 

::>ise (used): 25 microVolts - fixed value 
. Joise (monitored before this run): 29 microVolts 

3.nual injection 

.rror Log: 

:800 GC: 

300 GC: 

****************************************************************************** 



ritle 
un File 
ethod File 

3ample 10 

GC# 1 - MR S/N08902 
c:\star\data\122007\3800.44 03 8mlpv58.run 
c:\star\methods\methods\121707~mth 
03 8MLPV58 

njection Date: 12/20/2007 3:18 PM 

)perator NI 
orkstation: STARWORKSTATIOy HUie 
nstrument Lotus THS 

:hannel Front = FlO 

* GC Workstation Version 6.41 

:hart	 Speed 0.34 em/min 
tart Time 0.000 min 

Calculation Date: 12/21/2007 12:01 PM 

Detector Type: 3800 (1000 Volts) 
Bus Address 44 
Sample Rate 10.00 Hz 
Run Time 59.940 min 

** 04469-2780-826-1335 ** 

Attenuation = 1 Zero Offset = 1% 
End Time 59.940 min Min / Tick 1.00 

O~---,---------------,--------------r------------r------~-------,---------------r-----------r--

1 
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 28 
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-II 



------------ ---------- ------- ------- ---------- ------

~int Date: Fri Dec 21 14:04:42 2007 Page 1 of 1 

Litle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 08 dilution air 58.run 
"ethod File c:\star\methods\methods\121707~mth 
3.mple ID 08 Dilution Air 58 

[njection Date: 12/20/2007 11:47 PM Calculation Date: 12/21/2007 2:02 PM 

;:>erator NI Detector Type: 3800 (1000 Volts) 
:>rkstation: STARWORKSTATIOy HOle Bus Address 45 
~strument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FID Run Time 59.940 min 

k GC Workstation Version 6.41 04469-2780-826-1335 ** 

Mode Analysis 
'eak Measurement: Peak Area 
~alculation Type: External Standard 

~..ln 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 200 ethane 11.15 11.936 0.008 465 BB 3.0 0
 
2 250 ethene 35.53 14.075 0.067 1483 BB 2.2 0
 
3 300 propane 122.80 16.541 0.063 5125 BB 1.6 0
 
4 400 n-butane 17.83 22.910 0.018 744 BP 2.0 0
 
5 460 2-methyl 23.48 27.106 0.153 980 BB 1.9 0
 
6 500 n-pentan 197.68 29.042 -0.091 8249 BB 2.0 0
 
7 525 1,3-buta 3.42 30.279 -0.091 143 BB 2.0 0
 
8 600 n-hexane 22.70 34.482 -0.069 947 BB 2.1 0
 
9 650 benzene 12.63 41.008 -0.151 527 BB 2.0 0
 

10 690 2,2,4-tr 44.07 42.215 0.193 1839 BB 2.4 0
 
11 750 toluene 54.34 46.087 0.292 2268 BB 2.9 0
 

------------ ========== ------- ========== -----======= 
Group 0 545.63 0.392 22770 
------------ ========== ================= 
Totals: 545.63 0.392 22770 

'otal Unidentified Counts 143393 counts 

'-=tected Peaks: 49 Rejected Peaks: 0 Identified Peaks: 11 

J.ltiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

~aseline Offset: -54 microVolts LSB: 1 microVolts 

Jise (used): 25 microVolts - fixed value
 
Jise (monitored before this run): 35 microVolts
 

Ianual inj ection 

::-ror Log: 

800 GC: 

300 GC: 

****************************************************************************** 



Pitle GC# 1 - LE S/N08901 
un File c:\star\data\122007\3800.45 08 dilution air 58.run 

°.lethod File c:\star\methods\methods\121707.mth 
3ample 10 08 Dilution Air 58 

njection Date: 12/20/2007 11:47 PM Calculation Date: 12/21/2007 2:02 PM 

Jperator N1 Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATlOy HOle Bus Address 45 

_nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 0% 
tart Time 0.000 min End Time = 59.940 min Min / Tick = 1.00 

0---...--0---------,--5------....1-0------...,----1-5------.-2-0-----------,--25------~31<W1=~·.O 
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------------ ---------- ------- ------- ---------- ------

------------

------------

rint Date: Fri Dec 21 12:14:37 2007 Page 1 of 1 

ritle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 08 dilution air 58.run 
ethod File c:\star\methods\methods\121707~mth 
ample 10 08 Dilution Air 58 

[njection Date: 12/20/2007 11:47 PM Calculation Date: 12/21/2007 12:11 PM 

perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTAT10y HUle Bus Address 44 

Lnstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
-alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 300 n-propan 146.22 15.115 0.078 26044 VV 1.0 0 
2 500 n-pentan 10.42 17.593 -0.102 1857 VV 8.4 0 
3 600 n-hexane 23.67 20.961 0.096 4216 BB 4.4 0 
4 650 benzene 12.29 23.233 0.083 2189 BV 4.3 0 
5 690 2,2,4-tr 78.43 24.652 0.080 13970 VB 4.3 0 
6 700 n-heptan 5.78 25.049 0.070 1029 BB 3.8 0 
7 750 toluene 162.49 27.809 0.046 28943 VV 4.3 0 
8 800 n-octane 4.24 29.448 0.050 756 BP 4.0 0 
9 850 ethylben 14.31 32.028 0.067 2548 VB 4.2 0 

10 860 m&p-xyle 53.60 32.308 0.002 9547 GR 0.0 0 U 
11 880 o-xylene 29.33 33.422 0.029 5225 VB 6.8 0 U 
12 900 n-nonane 5.34 33.773 0.056 952 BB 3.7 0 
13 980 1,2,4-tr 76.97 37.690 0.071 13710 VV 5.0 0 
14 1000 n-decan 16.05 37.887 0.066 2859 VB 4.0 0 
15 1100 n-undec 62.09 41.727 0.084 11060 VV 4.5 0 
16 1200 n-dodec 126.83 45.332 0.065 22590 VV 4.7 0 
17 1300 n-tride 99.59 48.684 0.050 17738 VV 4.8 0 

========== ------- ========== -----======= 
Group 0 927.65 0.891 165233 

========== ================= 
Totals: 927.65 0.891 165233 

;tatus Codes: 
- User-defined peak endpoint(s) 

:otal Unidentified Counts 26537574 counts 

'etected Peaks: 156 Rejected Peaks: 3 Identified Peaks: 17 

..lltiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

~aseline Offset: -18 microVolts LSB: 1 microVolts 

~ise (used): 25 microVolts - fixed value 
~ise (monitored before this run): 27 microVolts 

lanual inj ection 

r-ror Log: 

;800 GC: 

300 GC: 

****************************************************************************** 



nitle GC# 1 - MR S/N08902 
~un File e:\star\data\122007\3800.44 08 dilution air 58.run 

..Jethod File e:\star\methods\methods\121707.mth 
3ample ID 08 Dilution Air 58 

njeetion Date: 12/20/2007 11:47 PM Calculation Date: 12/21/2007 12:11 PM 

'perator NI	 Detector Type: 3800 (1000 Volts) 
rorkstation: STARWORKSTATIOy HOie Bus Address 44 
Lnstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FID Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 16 Zero Offset = 2% 
:tart Time 0.000 min End Time = 59.940 min Min / Tiek = 1.00 

o,-----,::;;:::================~==========~=======~~~~~~;;;;;;;;;;;;;;;~~==~=-=,...-----______=_:=_=__=__= 
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Olson-EcoLogic Engine Testing Laboratories, LLC 
8-Mode Steady State Traee Taxies by Gas Chromatography Results 

Chemist: Nathan Imus Date: 12121i2007 

Sample Analysis 

Sample Time: 
Dilution (OF): 

Collection (min): 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

Sample Time: 

Analyte 

1,3-butadiene 

benzene 
toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

Sample 10: BMLPV59 
Sample Type: Dilute Exhaust 

1212012007 16:40 
9.0000 
20 

ConCt.Jncorrected (ppbC) 

288.01 

537.38 

431.24 

151.93 

264.04 

185.46 

Sample 10: Dilution Air 59 
Sample Type: Dilution Air 

12120i200716:40 

ConCunCOrrected (ppbC) 

3.56 

10.35 
144.17 

8.00 

30.43 

20.92 

Comments: wi Viscon 

Injection Time: 12120i200716:57 
Weighted Avg. bhp: 131.7400 

Work (bhp-hr): 43.9133 
Tunnel Volume (m 3 1min): 70 

Total Volume (ft3): 49441 

Injection Time: 12/21i20070:52 

Sample Result 

Analyte Conccorrected (ppbC) Cone (ppb) Raw Cone (ppb) Conc (g/bhp-hr) 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

284.45 
527.03 
287.07 
143.93 
233.61 
164.54 

71.11 

87.84 

41.01 

17.99 

29.20 

20.57 

640.01 

790.55 

369.09 

161.92 

262.81 

185.11 

0.005098 
0.009093 
0.005008 
0.002532 
0.004109 
0.002894 



------------ ----------

------------

------- ------- ---------- ------

)rint Date: Fri Dec 21 14:00:50 2007 Page 1 of 1 

l.'itle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 04 8mlpv59.run 
'1ethod File c:\star\methods\methods\121707~mth 
;ample 10 04 8MLPV59 

Injection Date: 12/20/2007 4:57 PM Calculation Date: 12/21/2007 1:59 PM 

>perator Nl Detector Type: 3800 (1000 Volts) 
Torkstation: STARWORKSTATIOy HUle Bus Address 45 
:nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
~alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 200 ethane 56.14 11.938 0.010 2343 BB 2.0 0
 
2 250 ethene 5354.58 13.873 -0.135 223447 BB 1.6 0
 
3 390 ethyne 186.61 22.466 -0.264 7787 BB 2.0 0
 
4 400 n-butane 445.70 22.947 0.055 18599 BV 2.7 0
 
5 460 2-methyl 146.08 27.189 0.236 6096 BB 1.8 0
 
6 500 n-pentan 128.53 29.132 -0.001 5364 BB 2.0 0
 
7 525 1,3-buta 288.01 30.352 -0.018 12019 BB 2.0 0
 
8 600 n-hexane 17.41 34.575 0.024 726 BB 1.9 0
 
9 650 benzene 497.14 41.106 -0.053 20746 VB 2.4 0
 

10 690 2,2,4-tr 32.58 41.984 -0.038 1360 TS 0.0 0
 
11 700 n-heptan 18.17 43.763 -0.039 758 VB 2.6 0
 
12 750 toluene 68.40 45.778 -0.016 2854 VB 3.8 0
 

------------ ========== ------- ========== -----======= 
Group 0 7239.35 -0.239 302099 

========== ================= 
Totals: 7239.35 -0.239 302099 

~otal Unidentified Counts 438304 counts 

etected Peaks: 136 Rejected Peaks: 0 Identified Peaks: 12 

1ultiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

aseline Offset: -27 microVolts LSB: 1 microVolts 

::>ise (used): 25 microVolts - fixed value 
Joise (monitored before this run): 37 microVolts 

3.nual injection 

.rror Log: 

:800 GC: 

300 GC: 

****************************************************************************** 



"itle GC# 1 - LE S/N08901 
.un File c:\star\data\122007\3800.45 04 8mlpv59.run 
.~ethod File c:\star\methods\methods\121707~mth 
3ample ID 04 8MLPV59 

njection Date: 12/20/2007 4:57 PM Calculation Date: 12/21/2007 1:59 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FID Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:::hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 1% 
tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o---,----0.-0-00----------.0-.0-2-5--------.---0-.0-50---------.-0-.0-7-5-------'-0-.1-0-0------.-----0.-12-5----<W1=4.C 
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-II 



rint Date: Fri Dec 21 12:04:49 2007 Page 1 of 1 

ritle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 04 8mlpv59.run 
ethod File c:\star\methods\methods\121707~mth 
ample 10 04 8MLPV59 

[njection Date: 12/20/2007 4:57 PM Calculation Date: 12/21/2007 12:01 PM 

perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HU1e Bus Address 44 

Lnstrument Lotus THS Sample Rate 10.00 Hz 
::::hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
-alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 331.35 15.035 -0.002 59021 vv 0.6 0 
2 500 n-pentan 509.42 17.706 0.011 90739 vv 8.3 0 
3 600 n-hexane 48.71 20.902 0.037 8677 VV 9.0 0 
4 650 benzene 537.38 23.179 0.029 95717 vv 4.6 0 
5 690 2,2,4-tr 348.73 24.535 -0.037 62116 VV 4.4 0 
6 700 n-heptan 25.54 25.004 0.025 4549 vv 10.0 0 
7 750 toluene 431.24 27.770 0.007 76813 VV 4.5 0 
8 800 n-octane 73.71 29.407 0.009 13130 VV 4.7 0 
9 850 ethylben 151.93 31.987 0.026 27062 vv 5.1 0 

10 860 m&p-xyle 264.04 32.308 0.002 47030 GR 0.0 0 
11 880 o-xylene 185.46 33.374 -0.019 33034 VV 0.0 0 
12 900 n-nonane 216.85 33.722 0.006 38626 vv 4.3 0 
13 980 1,2,4-tr 268.52 37.638 0.019 47830 vv 4.4 0 
14 1000 n-decan 362.22 37.828 0.007 64518 VP 3.9 0 
15 1100 n-undec 571.77 41.671 0.028 101844 vv 4.3 0 
16 1200 n-dodec 505.37 45.281 0.014 90017 VV 4.5 0 
17 1300 n-tride 226.87 48.629 -0.005 40411 VV 3.7 0 

----------- ========== ------ ======= ========== -----

Group 0 5059.11 0.157 901134 
----------- ========== ====:::::;== ========== 

Totals: 5059.11 0.157 901134 

~otal Unidentified Counts 5320684 counts 

etected Peaks: 204 Rejected Peaks: 1 Identified Peaks: 17 

lul tiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

aseline Offset: 26 microVolts LSB: 1 microVolts 

roise (used): 25 microVolts - fixed value 
roise (monitored before this run): 40 microVolts 

anual injection 

:rror Log: 

800 GC: 

800 GC: 

****************************************************************************** 



"itle GC# 1 - MR S/N08902 
un File c:\star\data\122007\3800.44 04 8mlpv59.run 

"lethod File c:\star\methods\methods\121707~mth 
3ample 10 04 8MLPV59 

njection Date: 12/20/2007 4:57 PM Calculation Date: 12/21/2007 12:01 PM 

Jperator Nl Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATlOy HOie Bus Address 44 
~nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart	 Speed 0.34 ern/min Attenuation = 1 Zero Offset = 1% 
tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o..,---.,-----0.-00-0-------.....---0-.0-2-5-------------,r-.-- ---------,-O-.-07-5--------,----0-.1-0-0-----<W1=4.(
O050

1	 ~~ 
2
 
3
 
4
 
5
 
6
 
7 
8 
9 

10 
11 
12 
13 
14 

300 n-propan	 15 
16 
17 

500 n-pentan 18
 
19
 
20
 

600 n-hexane	 21 
22
 
23
 
24
 

650 benzene 

690 2,2,4-tt 
25
 
26
 
27
 

750 toluene 28
 
29
800 n-octane 
30 
31 

850 ethylbert 32 

~~=~~---41.671 

+==:=====~--45.281 

4~~==i.:1L..tU8 

~;;===~-27.770 

=r::====~--:23.179	 

+GF 
33880 o-xylen~
 
34
 

+1
35
 
36
 
37
 

980 1,2,4-tt	 37.82838
 
39
 
40
 
41
 

1100 n-undec 42
 
43
 

44
 
45
1200 n-dodec 
46 
47 
48 

1300 n-tride 49
 
50
 
51
 
52
 
53
 
54
 
55
 
56
 
57
 
58
 
59
 

-I 

-I 



Lint Date: Fri Dec 21 14:05:02 2007 Page 1 of 1 

[litle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 09 dilution air 59.run 
·ethod File c:\star\methods\methods\121707~mth 
ample 10 09 Dilution Air 59 

[njection Date: 12/21/2007 12:52 AM Calculation Date: 12/21/2007 2:02 PM 

perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 45 

_nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
....alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 250 ethene 18.67 14.065 0.057 779 BB 2.1 0 
2 300 propane 29.12 16.535 0.057 1215 BB 1.6 0 
3 400 n-butane 11.26 22.898 0.006 470 BP 2.0 0 
4 460 2-methyl 14.23 27.092 0.139 594 BB 1.8 0 
5 500 n-pentan 134.22 29.027 -0.106 5601 BB 2.0 0 
6 525 1,3-buta 3.56 30.264 -0.106 149 BB 1.7 0 
7 600 n-hexane 13.64 34.465 -0.086 569 BB 2.0 0 
8 650 benzene 11.63 40.999 -0.160 485 BB 2.1 0 
9 690 2,2,4-tr 33.77 42.208 0.186 1409 BB 2.4 0 

10 750 toluene 52.17 46.093 0.298 2177 BB 3.0 0 
----------- ========== ------ ======= ========== -----
Group 0 322.27 0.285 13448 
----------- ========== ======= ========== 

Totals: 322.27 0.285 13448 

otal Unidentified Counts : 74125 counts 

Jetected Peaks: 39 Rejected Peaks: 0 Identified Peaks: 10 

ultiplier: ;t Divisor: 41.73 -Unidentified. Peak Factor: 1 

3aseline Offset: 9 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
oise (monitored before this run): 36 microVolts 

'1anual injection 

rror Log: 

.,800 GC: 

~800 GC: 

****************************************************************************** 



'itle GC# 1 - LE S/N08901 
un File c:\star\data\122007\3800.45 09 dilution. air 59.run 

.lethod File c:\star\methods\methods\121707~mth 
,ample 10 09 Dilution Air 59 

njection Date: 12/21/2007 12:52 AM Calculation Date: 12/21/2007 2:02 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HUle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO	 Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 0% 
tart Time 0.000 min End Time = 59.940 min Min / Tick 1.00 

o..,..---------.------------r----------.,----1-0---------------,1-5-------------,-20---<WI=4.0
5
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17 
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-II 



)rint Date: Fri Dec 21 12:17:45 2007 Page 1 of 1 

_'itle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 09 dilution air 59.run 
1ethod File c:\star\methods\methods\121707~mth 
,ample ID 09 Dilution Air 59 

Lnjection Date: 12/21/2007 12:52 AM Calculation Date: 12/21/2007 12:11 PM 

)perator NI Detector Type: 3800 (1000 volts) 
lorksta tion: STARWORKSTATIOy HOle Bus Address 44 
~nstrument Lotus THS Sample Rate 10.00 Hz 
:::hannel Front = FID Run Time 59.940 min 

.* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
:::alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 30.49 14.916 -0.121 5430 BV 14.2 0 
2 500 n-pentan 7.50 17.594 -0.101 1336 VV 0.0 0 
3 600 n-hexane 13.09 20.967 0.102 2331 BV 4.3 0 
4 650 benzene 10.35 23.237 0.087 1843 BV 4.1 0 
5 690 2,2,4-tr 63.78 24.656 0.083 11361 VB 4.3 0 
6 700 n-heptan 3.99 25.053 0.074 711 BB 3.8 0 
7 750 toluene 144.17 27.811 0.048 25680 VB 4.3 0 
8 800 n-octane 4.23 29.451 0.053 754 BB 4.1 0 
9 850 ethylben 8.00 32.034 0.073 1424 VB 3.7 0 

10 860 m&p-xyle 30.43 32.308 0.002 5420 GR 0.0 0 U 
11 880 o-xylene 20.92 33.419 0.026 3726 VB 8.4 0 U 
12 900 n-nonane 7.58 33.775 0.058 1349 BB 3.8 0 
13 980 1,2,4-tr 86.14 37.693 0.074 15343 vv 4.9 0 
14 1000 n-decan 26.42 37.887 0.066 4706 VP 4.0 0 
15 1100 n-undec 92.79 41.729 0.086 16528 vv 4.5 0 
16 1200 n-dodec 158.96 45.338 0.071 28314 VV 4.8 0 
17 1300 n-tride 110.96 48.691 0.057 19764 vv 4.9 0 

----------- ========== ------ ======= ========== -----

Group 0 819.80 0.738 146020 
----------- ========== ======= ========== 

Totals: 819.80 0.738 146020 

3tatus Codes: 
-~ User-defined peak endpoint(s) 

otal Unidentified Counts 1076818 counts 

)etected Peaks: 162 Rejected Peaks: 4 Identified Peaks: 17 

ultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

3aseline Offset: -10 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
oise (monitored before this run): 12 microVolts 

1anual injection 

rror Log: 

:s800 GC: 

"'800 GC: 

****************************************************************************** 



nitle 
un File 
~lethod File 
3ample 10 

GC# 1 - MR S/N08902 
c:\star\data\122007\3800.44 09 dilution air 59. run 
c:\star\methods\methods\121707.mth 
09 Dilution Air 59 

njection Date: 12/21/2007 12:52 AM 

'perator NI 
orkstation: STARWORKSTATIOy HOle 
~nstrument Lotus THS 
:hannel Front = FlO 

* GC Workstation Version 6.41 

:hart	 Speed 0.34 cm/min 
tart Time 0.000 min 

Calculation Date: 12/21/2007 12:11 PM 

Detector Type: 3800 (1000 Volts) 
Bus Address 44 
Sample Rate 10.00 Hz 
Run Time 59.940 min 

** 04469-2780-826-1335 ** 

Attenuation = 1 Zero Offset = 1% 
End Time 59.940 min Min / Tick 1.00 

O-----.------------r--------..,...---------~--------...,------------------.----

0.000 0.025 0.050 0.075 0.100 0.<WI=4.C
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Olson-EcoLogic Engine Testing Laboratories, LLC 
8-Mode Steady State Traee Taxies by Gas Chromatography Results 

Chemist: Nathan Imus Date: 12121i2007 

Sample Analysis 

Sample Time: 
Dilution (OF): 

Collection (min): 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

Sample Time: 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

Sample 10: BMLPV60 
Sample Type: Dilute Exhaust 

12120i200719:30 
9.5000 
20 

ConCuncorrected (ppbC) 

218.10 

513.14 

356.86 
145.38 

258.95 

162.30 

Sample 10: Dilution Air 60 
Sample Type: Dilution Air 

12120i200719:30 

ConCuncorrected (ppbC) 

2.47 

6.92 

75.95 

7.91 

28.69 

19.21 

Comments: wI Viscon 

Injection Time: 12120i200719:38 
Weighted Avg. bhp: 131.2900 

Work (bhp-hr): 43. 7633 

Tunnel Volume (m 3 Imin): 70 
Total Volume (ft3): 49441 

Injection Time: 12/21i20071:57 

Sample Result 

Analyte Conccorrected (ppbC) Cone (ppb) Raw Cone (ppb) Conc (g/bhp-hr) 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 
m&p-xylene 

a-xylene 

215.63 
506.22 
280.91 
137.47 
230.26 
143.09 

53.91 

84.37 

40.13 

17.18 

28.78 

17.89 

512.12 

801.52 

381.24 

163.25 

273.43 

169.92 

0.003878 
0.008764 
0.004917 
0.002426 
0.004064 
0.002525 



------------ ----------

------------

------------

------- ------- ---------- ------

?rint Date: Fri Dec 21 14:01:11 2007 Page 1 of 1 

ritle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 05 8mlpv60.run 
-1ethod File c:\star\methods\methods\121707~mth 
3ample 10 05 8MLPV60 

rnjection Date: 12/20/2007 7:38 PM Calculation Date: 12/21/2007 1:59 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
'Vorkstation: STARWORKSTATIOy HOle Bus Address 45 
rnstrument Lotus THS Sample Rate 10.00 Hz 
::::hannel Front = FID Run Time 59.940 min 

~* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
::::alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 200 ethane 56.73 11.950 0.022 2367 BB 2.0 0
 
2 250 ethene 5190.32 13.902 -0.106 216592 BB 1.6 0
 
3 390 ethyne 114.18 22.510 -0.220 4765 BB 2.0 0
 
4 400 n-butane 451.50 23.001 0.109 18841 BB 2.6 0
 
5 460 2-methyl 112.70 27.234 0.281 4703 BB 1.9 0
 
6 500 n-pentan 100.49 29.183 0.050 4194 BB 2.0 0
 
7 525 1,3-buta 218.10 30.402 0.032 9101 BB 1.9 0
 
8 600 n-hexane 12.18 34.632 0.081 508 BB 2.0 0
 
9 650 benzene 491.06 41.167 0.008 20492 VB 2.4 0
 

10 690 2,2,4-tr 24.34 42.046 0.024 1016 BB 2.9 0
 
11 700 n-heptan 26.32 43.832 0.030 1098 BV 3.4 0
 
12 750 toluene 14.53 45.745 -0.050 606 PV 3.2 0
 

========== ------- ======= ========== -----
Group 0 6812.45 0.261 284283 

========== ================= 
Totals: 6812.45 0.261 284283 

~otal Unidentified Counts 415770 counts 

)etected Peaks: 129 Rejected Peaks: 2 Identified Peaks: 12 

1ultiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

3aseline Offset: 23 microVolts LSB: 1 microVolts 

Joise (used): 25 microVolts - fixed value 
Joise (monitored before this run): 27 microVo~ts 

1anual inj ection 

~rror Log: 

~800 GC: 

;800 GC: 

c****************************************************************************** 



Litle 
un File 
ethod File 

3ample ID 

GC# 1 - LE S/N08901 
c:\star\data\122007\3800.45 05 8mlpv60.run 
c:\star\methods\methods\121707.mth 
05 8MLPV60 

njection Date: 12/20/2007 7:38 PM 

)perator Nl 
orkstation: STARWORKSTATlOy HOle 
nstrument Lotus THS 

:hannel Front = FlO 

Calculation Date: 12/21/2007 1:59 PM 

Detector Type: 3800 (1000 Volts)
 
Bus Address 45
 
Sample Rate 10.00 Hz
 
Run Time 59.940 min
 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 
tart Time 

200 ethane 

250 ethene 

390 ethyn~ 

460 2-methyl 

500 n-pentan 

525 1,3-buta 

600 n-hexane 

650 benzene 
690 2.2,4-tr 

700 n-heptan 

750 toluene 

0.34 em/min Attenuation = 1 Zero Offset = 1% 
0.000 min End Time 59.940 min Min / Tick = 1.00 
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rint Date: Fri Dec 21 12:05:14 2007 Page 1 of 1 

_itle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 05 8mlpv60.run 
'1ethod File c:\star\methods\methods\121707~mth 
ample ID 05 8MLPV60 

Lnjection Date: 12/20/2007 7:38 PM Calculation Date: 12/21/2007 12:01 PM 

.....perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FID Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis 
?eak Measurement: Peak Area 
:alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 908.55 15.047 0.010 161830 vv 4.2 0 
2 500 n-pentan 485.63 17.634 -0.061 86501 VV 9.7 0 
3 600 n-hexane 26.34 20.868 0.003 4691 VV 10.7 0 
4 650 benzene 513.14 23.147 -0.003 91400 vv 4.5 0 
5 690 2,2,4-tr 290.60 24.507 -0.065 51761 vv 4.1 0 
6 700 n-heptan 19.44 24.977 -0.002 3462 VV 4.1 0 
7 750 toluene 356.86 27.752 -0.011 63564 vv 4.5 0 
8 800 n-octane 71.05 29.392 -0.007 12656 vv 4.2 0 
9 850 ethylben 145.38 31.975 0.014 25894 vv 4.8 0 

10 860 m&p-xyle 258.95 32.308 0.002 46124 GR 0.0 0 
11 880 o-xylene 162.30 33.362 -0.031 28908 VV 7.4 0 
12 900 n-nonane 219.19 33.713 -0.004 39041 vv 4.2 0 
13 980 1,2,4-tr 251.07 37.632 0.013 44720 vv 4.3 0 
14 1000 n-decan 368.88 37.824 0.003 65705 VP 3.9 0 
15 1100 n-undec 583.31 41.668 0.025 103900 vv 4.3 0 
16 1200 n-dodec 510.86 45.283 0.016 90994 VV 4.5 0 
17 1300 n-tride 238.80 48.637 0.003 42535 VV 3.7 0 

----------- ========== ------ ======= ========== -----
Group 0 5410.35 -0.095 963686 
----------- ========== ======= ========== 

Totals: 5410.35 -0.095 963686 

rotal Unidentified Counts 33403384 counts 

etected Peaks: 202 Rejected Peaks: 0 Identified Peaks: 17 

1ultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

~seline Offset: -5 microVolts LSB: 1 microVolts 

:>ise (used): 25 microVolts - fixed value 
~oise (monitored before this run): 20 microVolts 

~nual injection 

... rror Log: 

~800 GC: 

300 GC: 

:****************************************************************************** 



ritle 
~un File 
'1ethod File 
3ample 10 

GC# 1 - MR S/N08902 
c:\star\data\122007\3800.44 05 8mlpv60.run 
c:\star\methods\methods\121707~mth 
05 8MLPV60 

Injection Date: 12/20/2007 7:38 PM 

Jperator NI 
Norkstation: STARWORKSTATIOy HOie 
Instrument Lotus THS 
:hannel Front = FlO 

** GC Workstation Version 6.41 

:hart Speed 0.34 ern/min 
Start Time 0.000 min 

0 

Calculation Date: 12/21/2007 12:01 PM 

Detector Type: 3800 (1000 Volts) 
Bus Address 44 
Sample Rate 10.00 Hz 
Run Time 59.940 min 

** 04469-2780-826-1335 ** 

Attenuation = 20 Zero Offset = 2% 
End Time 59.940 min Min / Tick = 1.00 

0 2 3 4 <W1=4.C
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24.977
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 32.308 +GF 
33880 o-xylen~ 33.71334 

+1
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------------ ---------- ------- ------- ---------- ------

------------

------------

?rint Date: Fri Dec 21 14:05:29 2007 Page 1 of 1 

ritle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 10 dilution air 60.run 
v1ethod File c:\star\methods\methods\121707~mth 
3ample 10 10 Dilution Air 60 

[njection Date: 12/21/2007 1:57 AM Calculation Date: 12/21/2007 2:02 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
~orkstation: STARWORKSTATIOy HOle Bus Address 45 
[nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

~* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
:alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 250 ethene 8.43 14.066 0.058 352 BB 2.0 0
 
2 300 propane 19.48 16.537 0.059 813 BB 1.6 0
 
3 400 n-butane 3.02 22.899 0.007 126 BV 1.6 0
 
4 460 2-methyl 7.85 27.090 0.137 328 BB 1.9 0
 
5 500 n-pentan 109.74 29.024 -0.108 4579 BB 2.0 0
 
6 525 1,3-buta 2.47 30.260 -0.110 103 BB 1.9 0
 
7 600 n-hexane 8.83 34.461 -0.090 369 BB 2.0 0
 
8 650 benzene 9.09 40.995 -0.164 379 BB 2.4 0
 
9 690 2,2,4-tr 12.71 42.202 0.180 531 BB 2.2 0
 

10 750 toluene 26.80 46.093 0.298 1118 BB 2.9 0
 
========== ------- ========== -----======= 

Group 0 208.42 0.267 8698 
========== ================= 

Totals: 208.42 0.267 8698 

~otal Unidentified Counts : 55458 counts 

)etected Peaks: 33 Rejected Peaks: 0 Identified Peaks: 10 

lultiplier: ~ Divisor: 41.73 Unidentified·Peak Factor: 1 

Jaseline Offset: 0 microVolts LSB: 1 microVolts 

.Joise (used): 25 microVolts - fixed value 
roise (monitored before this run): 76 microVolts 

'lanual inj ection 

~rror Log: 

800 GC: 

3800 GC: 

****************************************************************************** 



ritle GC# 1 - LE S/N08901 
un File c:\star\data\122007\3800.45 10 dilution air 60.run 
ethod File c:\star\methods\methods\121707~mth 

3ample lD 10 Dilution Air 60 

njection Date: 12/21/2007 1:57 AM Calculation Date: 12/21/2007 2:02 PM 

)perator Nl Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATlOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 cm/min Attenuation = 1 Zero Offset = 0% 
tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o -------'--0-.0-----"-2-.5-----"-5-.0-----------,.---7.-5----------r-0-.0----------"-12-.5----------,.-15-.o-----<W1=4.(
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------------ ---------- ------- ------- ---------- ------

------------

rint Date: Fri Dec 21 12:18:40 2007 Page 1 of 1 

itle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 10 dilution air 60.run 
1ethod File c:\star\methods\methods\121707~mth 
ample ID 10 Dilution Air 60 

~njection Date: 12/21/2007 1:57 AM Calculation Date: 12/21/2007 12:11 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

':hannel Front = FID Run Time 59.940 min 

~* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis 
?eak Measurement: Peak Area 
:alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 300 n-propan 235.21 15.140 0.103 41896 VV 0.8 0
 
2 500 n-pentan 4.80 17.594 -0.101 855 VV 6.1 0
 
3 600 n-hexane 8.74 20.967 0.102 1557 BB 4.4 0
 
4 650 benzene 6.92 23.235 0.085 1232 BB 4.1 0
 
5 690 2,2,4-tr 27.66 24.655 0.083 4927 PB 4.3 0
 
6 700 n-heptan 2.93 25.053 0.074 522 BB 3.8 0
 
7 750 toluene 75.95 27.809 0.046 13529 vv 4.4 0
 
8 800 n-octane 3.67 29.448 0.050 653 BB 3.9 0
 
9 850 ethylben 7.91 32.032 0.071 1408 VB 3.8 0
 

10 860 m&p-xyle 28.69 32.308 0.002 5110 GR 0.0 0
 
11 880 o-xylene 19.21 33.419 0.026 3421 VV 7.4 0
 
12 900 n-nonane 6.33 33.773 0.056 1128 BB 3.8 0
 
13 980 1,2,4-tr 62.77 37.693 0.074 11181 vv 4.8 0
 
14 1000 n-decan 19.08 37.887 0.066 3398 VP 4.1 0
 
15 1100 n-undec 64.79 41.730 0.087 11540 VV 4.7 0
 
16 1200 n-dodec 131.51 45.338 0.071 23424 vv 4.8 0
 
17 1300 n-tride 114.78 48.690 0.056 20444 vv 4.9 0
 

------------ ========== ------- ========== -----======= 
Group 0 820.95 0.951 146225 

========== ================= 
Totals: 820.95 0.951 146225 

::'otal Unidentified Counts 835804 counts 

etected Peaks: 156 Rejected Peaks: 6 Identified Peaks: 17 

1ultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: ~ 

'aseline Offset: -6 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
Joise (monitored before this run): 12 microVolts 

anual injection 

rror Log: 

~800 GC: 

800 GC: 

,****************************************************************************** 



~itle GC# 1 - MR S/N08902 
un File c:\star\data\122007\3800.44 10 dilution air 60.run 
ethod File c:\star\methods\methods\121707~mth 

)ample 10 10 Dilution Air 60 

njection Date: 12/21/2007 1:57 AM Calculation Date: 12/21/2007 12:11 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOie Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO	 Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 1% 
tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o----.----0.-00-0----------.----0.-02-5----------,------0.-05-0-------......,..0-.-07-5----------,------0.-10-0-·---<WI=4.() 
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Olson-EcoLogic Engine Testing Laboratories, LLC 
8-Mode Steady State Traee Taxies by Gas Chromatography Results 

Chemist: Nathan Imus Date: 1212112007 

Sample Analysis 

Sample 10: BMLPV61 
Sample Type: Dilute Exhaust 

Sample Time: 1212012007 21:26 
Dilution (OF): 9.4400 

Collection (min): 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

Sample Time: 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

20 

ConCuncorrected (ppbC) 

266.22 

519.32 

315.93 

137.70 

252.22 

159.89 

Sample 10: Dilution Air 61 
Sample Type: Dilution Air 

1212012007 21:26 

ConCuncorrected (ppbC) 

0.00 

7.15 

36.09 

64.44 

28.50 

17.75 

Comments: wi Viscon 

Injection Time: 1212012007 21:36 
Weighted Avg. bhp: 130.5200 

WOtX (bhp-hr): 43.5067 

Tunnel Volume (m 3 Imin): 70 

Total Volume (ft3): 49441 

Injection Time:. 1212112007 3:03 

Sample Result 

Analyte Conccorreeted (ppbC) Cone (ppb) Raw Cone (ppb) Cone (g/bhp-hr) 

1,3-butadiene 

benzene 
toluene 

ethylbenzene 

m&p-xylene 

a-xylene 

266.22 
512.17 
279.84 
73.26 

223.72 
142.14 

66.56 

85.36 
39.98 

9.16 

27.97 

17.77 

628.28 

805.81 
377.38 

86.45 

263.99 

167.73 

0.004816 
0.008920 
0.004927 
0.001301 
0.003972 
0.002523 



------------ ---------- ------- ------- ---------- ------

------------ -------

nrint Date: Fri Dec 21 14:01:29 2007 Page 1 of 1 

itle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 06 8mlpv61.run 
'1ethod File c:\star\methods\methods\121707~mth 
ample 10 06 8MLPV61 

njection Date: 12/20/2007 9:36 PM Calculation Date: 12/21/2007 1:59 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
'orkstation: STARWORKSTATIOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

.....hannel Front = FlO Run Time 59.940 min 

k* GC Workstation Version 6.41 04469-2780-826-1335 ** 

.un Mode Analysis 
:?eak Measurement: Peak Area 
:alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 200 ethane 61.00 11.947 0.019 2546 BB 2.0 0
 
2 250 ethene 5154.12 13.895 -0.113 215081 BB 1.5 0
 
3 390 ethyne 61.74 22.497 -0.233 2576 BB 2.0 0
 
4 400 n-butane 479.43 22.985 0.093 20007 BB 2.7 0
 
5 460 2-methyl 132.91 27.220 0.267 5546 BB 1.9 0
 
6 500 n-pentan 89.88 29. 167 0.034 3751 BB 2.0 0
 
7 525 1,3-buta 266.22 30.385 0.015 11109 BB 1.9 0
 
8 600 n-hexane 10.53 34.614 0.063 439 BB 2.1 0
 
9 650 benzene 502.97 41.149 -0.010 20989 VB 2.4 0
 

10 690 2,2,4-tr 25.90 42.029 0.007 1081 BB 3.0 0
 
11 700 n-heptan 15.68 43.811 0.009 654 BB 2.6 0
 
12 750 toluene 80.67 45.847 0.052 3366 VB 3.8 0
 

========== ========== -----======= 
Group 0 6881.05 0.203 287145 

========== ==========------------ ======= 
Totals: 6881.05 0.203 287145 

C'otal Unidentified Counts 400211 counts 

etected Peaks: 132 Rejected Peaks: 1 Identified Peaks: 12 

ultiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

3aseline Offset: -14 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
~oise (monitored before this run): 43 microVolts 

~anual injection 

rror Log: 

~800 GC: 

800 GC: 

~****************************************************************************** 



~itle GC# 1 - LE S/N08901 
.ln File c:\star\data\122007\3800.45 06 8mlpv61.run 
2thod File c:\star\methods\methods\121707.mth 

)ample 10 06 8MLPV61 

njection Date: 12/20/2007 9:36 PM Calculation Date: 12/21/2007 1:59 PM 

)perator Nl Detector Type: 3800 (1000 Volts) 
-Jrkstation: STARWORKSTAT10y HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 
~hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 1% 
:'tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

0--,--0.-00-0------.---0-.0-25------..,----0-.0-5-0----------,---0-.0-7-5------------.--0-.-10-0------.---'0-.1-25--<W1=4.0 
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------------ ---------- ------- ------- ---------- ------

------

rint Date: Fri Dec 21 12:05:36 2007 Page 1 of 1 

Litle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 06 8mlpv61.run 
lIfethod File c:\star\methods\methods\121707~mth 
ample 10 06 8MLPV61 

Injection Date: 12/20/2007 9:36 PM Calculation Date: 12/21/2007 12:01 PM 

-perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

::hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

.un Mode Analysis 
?eak Measurement: Peak Area 
::alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 

1 300 n-propan 526.56 15.024 -0.013 93791 VV 3.4 0 
2 500 n-pentan 510.20 17.612 -0.083 90878 vv 8.5 0 
3 600 n-hexane 22.74 20.875 0.010 4050 vv 11.6 0 
4 650 benzene 519.32 23.172 0.022 92502 vv 4.6 0 
5 690 2,2,4-tr 296.01 24.537 -0.035 52725 vv 4.0 0 
6 700 n-heptan 19.19 25.009 0.030 3418 vv 4.1 0 
7 750 toluene 315.93 27.788 0.025 56273 vv 4.5 0 
8 800 n-octane 74.12 29.435 0.037 13203 VV 4.2 0 
9 850 ethylben 137.70 32.023 0.062 24527 vv 4.8 0 

10 860 m&p-xyle 252.22 32.308 0.002 44925 GR 0.0 0 
11 880 o-xylene 159.89 33.415 0.021 28480 vv 8.6 0 U 
12 900 n-nonane 215.46 33.764 0.047 38377 VV 4.2 0 
13 980 1,2,4-tr 96.49 37.574 -0.045 17186 vv 4.3 0 
14 1000 n-decan 354.87 37.877 0.056 63210 VP 4.1 0 
15 1100 n-undec 53.02 41.600 -0.043 9444 vv 0.0 0 
16 1200 n-dodec 438.47 45.325 0.058 78100 VV 4.7 0 
17 1300 n-tride 199.12 48.676 0.042 35467 vv 3.9 0 

------------ ========== ------- ================= 
Group 0 4191.31 0.193 746556 
------------ ========== ================= 
Totals: 4191.31 0.193 746556 

,tatus Codes: 
- User-defined peak endpoint(s) 

otal Unidentified Counts 25219426 counts 

)etected Peaks: 199 Rejected Peaks: 2 Identified Peaks: 17 

ultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

~aseline Offset: -81 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
oise (monitored before this run): 17 microVolts 

1anual inj ection 

rror Log: 

~800 GC: 

800 GC: 

****************************************************************************** 



ritle 
un File 
~ethod File 
:>ample 10 

GC# 1 - MR S/N08902 
c:\star\data\122007\3800.44 06 8mlpv61.run 
c:\star\methods\methods\121707.mth 
06 8MLPV61 

njection Date: 12/20/2007 9:36 PM 

)perator NI 
orkstation: STARWORKSTATIOy HOie 
nstrument Lotus THS 

:hannel Front = FlO 

* GC Workstation Version 6.41 

:hart	 Speed 0.34 cm/min 
tart Time 0.000 min 

Calculation Date: 12/21/2007 12:01 PM 

Detector Type: 3800 (1000 Volts) 
Bus Address 44 
Sample Rate 10.00 Hz 
Run Time 59.940 min 

** 04469-2780-826-1335 ** 

Attenuation = 14 Zero Offset = 2% 
End Time 59.940 min Min / Tick 1.00 

O'--~~======F:::=::;;=====~~======+=~"""'==="""'=========~~:=====:=====:===========~~=====E=:=-------r-
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rint Date: Fri Dec 21 14:16:37 2007 Page 1 of 1 

_itle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 07 8mlpv61 dup.run 
1ethod File c:\star\methods\methods\121707~mth 
ample 10 07 8MLPV61 Dup 

Lnjection Date: 12/20/2007 10:41 PM Calculation Date: 12/21/2007 2:15 PM 

"'perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis 
?eak Measurement: Peak Area 
:alculat ion Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 200 ethane 60.52 11.932 0.004 2525 BB 2.0 0 
2 250 ethene 5161.64 13.859 -0.149 215395 BB 1.5 0 
3 390 ethyne 60.99 22.433 -0.297 2545 BB 2.0 0 
4 400 n-butane 476.06 22.908 0.016 19866 BB 2.7 0 
5 460 2-methyl 279.04 27.153 0.200 11644 BB 1.8 0 
6 500 n-pentan 93.62 29.095 -0.038 3907 BB 2.0 0 
7 525 1,3-buta 307.20 30.313 -0.057 12819 BB 1.9 0 U 
8 600 n-hexane 10.49 34.535 -0.016 438 BB 2.0 0 
9 650 benzene 487.97 41.064 -0.095 20363 VB 2.4 0 

10 690 2,2,4-tr 27.55 41.946 -0.076 1150 TS 0.0 0 
11 700 n-heptan 183.06 43.720 -0.082 7639 BB 7.6 0 
12 750 toluene 73.22 45.720 -0.075 3055 VB 3.8 0 

----------- ========== ------ ======= ========== -----

Group 0 7221.36 -0.665 301346 
----------- ========== ======= ========== 

Totals: 7221.36 -0.665 301346 

,tatus Codes: 
T - User-defined peak endpoint(s) 

otal Unidentified Counts 417901 counts 

)etected Peaks: 131 Rejected Peaks: 0 Identified Peaks: 12 

ultiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

~aseline Offset: 7 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
oise (monitored before this run): 39 microVolts 

tanual inj ection 

rror Log: 

,800 GC: 

~800 GC: 

****************************************************************************** 



ritle GC# 1 - LE S/N08901 
un File c:\star\data\122007\3800.45 07 8rnlpv61 dup.run 
ethod File c:\star\methods\methods\121707~mth 

3ample 10 07 8MLPV61 Dup 

njection Date:	 12/20/2007 10:41 PM Calculation Date: 12/21/2007 2:15 PM 

)perator Nl Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 1% 
tart	 Time 0.000 min End Time 59.940 min Min / Tiek = 1.00 

o-----,------0.-oo-0----------r0-.0-2-5-----------.0-.0-5-0----------r-0-.0-7~5---------r-10-.1-00------Ir-O-.1-25---<Wl=4.( 
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rint Date: Fri Dec 21 12:06:04 2007 Page 1 of 1 

_itle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 07 8mlpv61 dup.run 
-:tethod File c:\star\methods\methods\121707~mth 
ample ID 07 8MLPV61 Dup 

lnjection Date: 12/20/2007 10:41 PM Calculation Date: 12/21/2007 12:01 PM 

"'perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HUle Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:::hannel Front = FID Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis 
?eak Measurement: Peak Area 
:::alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 670.67 15.019 -0.018 119460 VV 1.7 0 
2 500 n-pentan 507.09 17.626 -0.069 90322 vv 8.6 0 
3 600 n-hexane 35.15 20.881 0.016 6260 VV 8.7 0 
4 650 benzene 526.13 23.171 0.021 93714 vv 4.6 0 
5 690 2,2,4-tr 305.56 24.535 -0.037 54426 vv 4.1 0 
6 700 n-heptan 27.08 25.007 0.028 4824 vv 13.9 0 
7 750 toluene 313.39 27.786 0.023 55821 vv 4.6 0 
8 800 n-octane 65.62 29.433 0.035 11687 vv 4.3 0 
9 850 ethylben 139.45 32.023 0.062 24840 vv 4.9 0 

10 860 m&p-xyle 253.15 32.308 0.002 45092 GR 0.0 0 
11 880 o-xylene 158.84 33.415 0.021 28292 vv 0.0 0 
12 900 n-nonane 216.76 33.765 0.048 38608 VV 4.3 0 
13 980 1,2,4-tr 96.56 37.581 -0.038 17200 vv 4.3 0 
14 1000 n-decan 354.79 37.884 0.063 63195 VP 4.1 0 
15 1100 n-undec 52.40 41.609 -0.035 9334 vv 0.0 0 
16 1200 n-dodec 396.78 45.333 0.066 70675 VV 4.7 0 
17 1300 n-tride 157.34 48.685 0.051 28025 BV 4.3 0 

----------- ========== ------ ======= ========== -----

Group 0 4276.76 0.239 761775 
----------- ========== ======= ========== 

Totals: 4276.76 0.239 761775 

~otal Unidentified Counts 4820572 counts 

etected Peaks: 196 Rejected Peaks: 3 Identified Peaks: 17 

1ultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

aseline Offset: -10 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
Joise (monitored before this run): 31 microVolts 

anual injection 

.. rror Log: 

~800 GC: 

800 GC: 

.****************************************************************************** 



Litle GC# 1 - MR S/N08902 
un File c:\star\data\122007\3800.44 07_8mlpv61 dup.run 
ethod File c:\star\methods\methods\121707.mth 

3ample 10 07 8MLPV61 Dup 

njection Date: 12/20/2007 10:41 PM Calculation Date: 12/21/2007 12:01 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOie Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 1% 
tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o-----.---0.-00-0--------,--0-.0-2-5--------,--0-.0-50----------,-0.-07-5----------,---0-.1-0-0----------,----0-.1-25----<W1=4.C 
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rint Date: Fri Dec 21 14:06:35 2007 Page 1 of 1 

~itle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 11 dilution air 61.run 
II'ethod File c:\star\methods\methods\121707~mth 
ample 10 11 Dilution Air 61 

[njection Date: 12/21/2007 3:03 AM Calculation Date: 12/21/2007 2:02 PM 

'perator N1 Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

::hannel Front = FlO Run Time 59.938 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis 
?eak Measurement: Peak Area 
::alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 200 ethane 7.44 11.930 0.002 311 BB 2.6 0 
2 250 ethene 6.89 14.069 0.061 288 BB 2.0 0 
3 300 propane 13.73 16.537 0.059 573 BB 1.6 0 
4 400 n-butane 114.26 23.020 0.128 4768 BB 1.9 0 
5 460 2-methyl 8.21 27.094 0.141 343 BB 2.0 0 
6 500 n-pentan 93.58 29.028 -0.105 3905 BB 2.0 0 
7 600 n-hexane 4.03 34.466 -0.085 168 BB 1.8 0 
8 650 benzene 7.54 40.998 -0.161 315 BB 2.3 0 
9 690 2,2,4-tr 2.26 42.204 0.182 94 BB 2.2 0 

10 750 toluene 22.13 46.092 0.297 924 BB 3.1 0 
----------- ========== ------ ======= ========== -----
Group 0 280.07 0.519 11689 
----------- ========== ======= ========== 

Totals: 280.07 0.519 11689 

otal Unidentified Counts 38094 counts 

)etected Peaks: 28 Rejected Peaks: 0 Identified Peaks: 10 

ultiplier: 1 Di'visor: 41.73' Unidentified Peak Factor: 1 

~aseline Offset: -24 microVolts LSB: 1 microVolts 

oise (used): 25 microVolts - fixed value 
oise (monitored before this run): 36 microVolts 

1anual inj ection 

rror Log: 

.800 GC: 

~800 GC: 

****************************************************************************** 



ritle 
un File 
ethod File 

3ample ID 

GC# 1 - LE S/N08901 
c:\star\data\122007\3800.45 11 dilution air 61.run 
c:\star\methods\methods\121707~mth 
11 Dilution Air 61 

njection Date: 12/21/2007 3:03 AM 

)perator NI 
orkstation: STARWORKSTATIOy HOle 
nstrument Lotus THS 

:hannel Front = FlO 

* GC Workstation Version 6.41 

:hart Speed 0.34 em/min 
"tart Time 0.000 min 

Calculation Date: 12/21/2007 2:02 PM 

Detector Type: 3800 (1000 Volts) 
Bus Address 45 
Sample Rate 10.00 Hz 
Run Time 59.938 min 

** 04469-2780-826-1335 ** 

Attenuation = 1 Zero Offset = 0% 
End Time = 59.938 min Min / Tick = 1.00 

o ----.----o-.o------------,-2-.-5--------.-5-.o------~7-.5-----------,-10-.0------.-1-2-.5----------.-1!<W1=4.0 
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~int Date: Fri Dec 21 12:19:08 2007 Page 1 of 1 

.. ltle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 11 dilution air 61.run 
if~thod File c:\star\methods\methods\121707~mth 

3.mple 10 11 Dilution Air 61 

Lnjection Date: 12/21/2007 3:03 AM Calculation Date: 12/21/2007 12:11 PM 

'-::>erator NI Detector Type: 3800 (1000 Volts) 
::>rkstation: STARWORKSTATIOy HOle Bus Address 44 
:1strument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FID Run Time 59.940 min 

k GC Workstation Version 6.41 04469-2780-826-1335 ** 

.In Mode Analysis 
?eak Measurement: Peak Area 
:alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 40.83 15.048 0.011 7272 VV 0.6 0 
2 500 n-pentan 113.64 17.723 0.028 20241 VV 6.4 0 
3 600 n-hexane 5.46 20.858 -0.007 972 BB 4.4 0 
4 650 benzene 7.15 23.165 0.015 1273 BV 4.3 0 
5 690 2,2,4-tr 7.47 24.600 0.028 1330 BB 4.8 0 
6 700 n-heptan 1.18 25.003 0.024 210 BB 3.7 0 
7 750 toluene 36.09 27.782 0.019 6428 VB 4.3 0 
8 800 n-octane 3.12 29.435 0.037 556 BV 4.4 0 
9 850 ethylben 64.44 31.997 0.036 11477 BV 5.8 0 

10 860 m&p-xyle 28.50 32.308 0.002 5076 GR 0.0 0 
11 880 o-xylene 17.75 33.421 0.028 3161 VV 7.1 0 
12 900 n-nonane 7.28 33.768 0.051 1298 BB 3.7 0 
13 980 1,2,4-tr 9.35 37.588 -0.031 1665 VV 4.8 0 
14 1000 n-decan 27.87 37.887 0.066 4965 VP 4.1 0 
15 1100 n-undec 95.70 41.731 0.088 17045 VV 4.6 0 
16 1200 n-dodec 164.71 45.339 0.072 29338 VV 4.9 0 
17 1300 n-tride 119.00 48.683 0.049 21196 VV 4.9 0 

----------- ========== ------ ======= ========== -----
Group 0 749.54 0.516 133503 
----------- ========== ======= ========== 

Totals: 749.54 0.516 133503 

~otal Unidentified Counts 698050 counts 

etected Peaks: 147 Rejected Peaks: 4 Identified Peaks: 17 

1ul tiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

aseline Offset: 24 microVolts LSB: 1 microVolts 

_oise (used): 25 microVolts - fixed value 
Joise (monitored before this run): 26 microVolts 

anual injection 

.. rror Log: 

l800 GC: 

800 GC: 

~****************************************************************************** 



ritle GC# 1 - MR S/N08902 
un File c:\star\data\122007\3800.44 11 dilution air 61.run 
ethod File c:\star\methods\methods\121707~mth 

3ample 10 11 Dilution Air 61 

njection Date: 12/21/2007 3:03 AM Calculation Date: 12/21/2007 12:11 PM 

)perator N1 Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTAT10y HOie Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:=:hart Speed 0.34 ern/min Attenuation = 1 Zero Offset = 0% 
-tart Time 0.000 min End Time = 59.940 min Min / Tick 1.00 

o-----r--------------,-5----------...,.....1-0------------,----1-5-----------.-20-<W1=4.C 
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600 n-hexane 21 
22 
23 
24 

650 benzene 

690 2,2,4-tr 25 
26 
27 

750 toluene 28 
29

800 n-octane 
30 
31 

850 ethylber1 32 
33880 o-xylent! 
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Olson-EcoLogic Engine Testing Laboratories, LLC 
8-Mode Steady State Traee Taxies by Gas Chromatography Results 

Chemist: Nathan Imus 

Tunnel Blank 

Sample Time: 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

o-xylene 

Sample Time: 

Analyte 

1,3-butadiene 

benzene 

toluene 

ethylbenzene 

m&p-xylene 

o-xylene 

Sample 10: 
Sample Type: 

12120i200710:48 

ConCuncorrected (ppbC) 

0.00 

10.24 

93.16 

36.87 

27.79 

35.07 

Sample 10: 
Sample Type: 

12120i200710:48 

ConCuncorrected (ppbC) 

0.00 

10.02 

96.77 

10.03 

38.66 

22.25 

QAlQC 

1220 Tun Blank 
Tunnel Air 

Tun Dilution Air 
Dilution Air 

Sample Result 

Date: 12121i2007 

Comments: 

Injection Time: 12120i200710:57 

Injection Time: 12120i2007 12:05 

Analyte Conccorrected (ppbC) Cone (ppb) 

1,3-butadiene <RL <RL 
benzene 0.22 0.04 
toluene <RL <RL 

ethylbenzene 26.84 3.36 
m&p-xylene <RL <RL 

o-xylene 12.82 1.60 



QA/QC (cont.) 
2 

Duplicate Analysis (uncorrected) 

Sample 10 
8MLPV61 

Sample 10 
8MLPV61 Dup 

Analyte Cone (ppbC) Cone (ppbC) RPD (0/0) 

1,3-butadiene 266.22 307.20 14.29 

benzene 519.32 526.13 1.30 

toluene 315.93 313.39 0.81 
ethylbenzene 137.70 139.45 1.26 

m&p-xylene 252.22 253.15 0.37 

a-xylene 159.89 158.84 0.66 

Crossover Check (uncorrected) 

Sample 10: 8MLPV61 

Analyte
 

benzene
 3.20 



------------ ---------- ------- ------- ---------- ------

rint Date: Fri Dec 21 14:03:33 2007 Page 1 of 1 

ritle 
~un File c:\star\data\122007\3800.45 01 1220 tun blank.run 
-ethod File c:\star\methods\methods\121707~mth 
ample ID 01 1220 Tun Blank 

[njection Date: 12/20/2007 10:57 AM Calculation Date: 12/21/2007 2:02 PM 

perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HUle Bus Address 45 

lnstrument Lotus THS Sample Rate 10.00 Hz 
::::hannel Front = FID Run Time 59.938 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name ( ) (min) (min) (counts) Code (sec) Codes 

1 200 ethane 19.2140 11.968 0.040 802 BB 3.1
 
2 250 ethene 11.0164 14.156 0.148 460 BB 2.1
 
3 300 propane 72.1657 16.645 0.167 3011 BB 1.7
 
4 390 ethyne 292.6700 22.523 -0.207 12213 BB 1.9
 
5 400 n-butane 6.1161 23.064 0.172 255 BP 1.8
 
6 460 2-methyl 10.2207 27.243 0.290 427 BB 1.8
 
7 500 n-pentan 139.6208 29.199 0.066 5826 BB 2.0
 
8 600 n-hexane 20.3306 34.653 0.103 848 BB 2.2
 
9 650 benzene 8.4285 41.184 0.025 352 BB 2.2
 

========== ------- ========== ----------------- ======= 
Totals: 579.7828 0.804 24194 

otal Unidentified Counts : 70806 counts 

_etected Peaks: 37 Rejected Peaks: 0 Identified Peaks: 9 

I[ul tiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

aseline Offset: -28 microVolts LSB: 1 microVolts 

.Joise (used): 25 microVolts - fixed value 
-oise (monitored before this run): 18 microVolts 

anual injection 

~evision Log: 

tream: 2, Advance Time: 10:57:04 AM 

~****************************************************************************** 



ritle 
un File 
ethod File 

:>ample 10 

c:\star\data\122007\3800.45 01 1220 tun blank. run 
c:\star\methods\methods\121707~mth 
01 1220 Tun Blank 

njection Date: 12/20/2007 10:57 AM 

)perator NI 
orkstation: STARWORKSTATIOy HUie 
nstrument Lotus THS 

:hannel Front = FlO 

* GC Workstation Version 6.41 

:hart Speed 0.34 ern/min 
-tart Time 0.000 min 

Calculation Date: 12/21/2007 2:02 PM 

Detector Type: 3800 (1000 Volts) 
Bus Address 45 
Sample Rate 10.00 Hz 
Run Time 59.938 min 

** 04469-2780-826-1335 ** 

Attenuation = 1 Zero Offset = 0% 
End Time = 59.938 min Min / Tick 1.00 

o..--------...-0-------------,r----------------,--10-------------,-1-5-----------,-2-0---<W1=4.C
5
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-II 



rint Date: Fri Dec 21 12:13:04 2007 Page .1 of 1 

l'itle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 01 1220 tun blank.run 
'ethod File c:\star\methods\methods\121707~mth 
ample 10 01 1220 Tun Blank 

[njection Date: 12/20/2007 10:57 AM Calculation Date: 12/21/2007 12:11 PM 

perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 44 

_nstrument Lotus THS Sample Rate 10.00 Hz 
:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 04469-2780-826-1335 ** 

,-un Mode Analysis 
?eak Measurement: Peak Area 
~alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 40.49 14.969 -0.068 7212 BV 13.6 0 
2 500 n-pentan 160.40 17.812 0.117 28570 vv 6.2 0 
3 600 n-hexane 21.05 20.906 0.041 3749 BB 4.4 0 
4 650 benzene 10.24 23.188 0.038 1825 VB 4.2 0 
5 690 2,2,4-tr 35.35 24.608 0.036 6297 VB 4.4 0 
6 700 n-heptan 4.98 25.003 0.024 888 BB 3.9 0 
7 750 toluene 93.16 27.772 0.009 16593 vv 4.6 0 
8 800 n-octane 3.40 29.401 0.003 606 BB 3.7 0 
9 850 ethylben 36.87 31.961 -0.000 6568 BV 7.7 0 

10 860 m&p-xyle 27.79 32.308 0.002 4950 GR 0.0 0 
11 880 o-xylene 35.07 33.359 -0.034 6246 vv 9.8 0 U 
12 900 n-nonane 17.09 33.712 -0.005 3044 VB 3.8 0 U 
13 980 1,2,4-tr 80.89 37.612 -0.007 14408 vv 4.9 0 
14 1000 n-decan 19.34 37.808 -0.013 3445 VP 3.9 0 
15 1100 n-undec 74.15 41.643 0.000 13207 VV 4.4 0 
16 1200 n-dodec 159.87 45.254 -0.013 28475 vv 4.8 0 
17 1300 n-tride 133.06 48.609 -0.025 23701 vv 4.8 0 

----------- ========== ------ ======= ========== -----
Group 0 953.20 0.105 169784 
----------- ========== ======= ========== 

Totals: 953.20 0.105 169784 

,tatus Codes: 
- User-defined peak endpoint(s) 

.'otal Unidentified Counts 20534416 counts 

)etected Peaks: 156 Rejected Peaks: 5 Identified Peaks: 17 

lultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

3aseline Offset: -43 microVolts LSB: 1 microVolts 

roise (used): 25 microVolts - fixed value 
roise (monitored before this run): 26 microVolts 

1anual inj ection 

:rror Log: 

~800 GC: 

800 GC: 

****************************************************************************** 



ritle GC# 1 - MR S/N08902 
In File c:\star\data\122007\3800.44 01 1220 tun blank.run 
2thod File c:\star\methods\methods\121707.mth 

3ample ID 01 1220 Tun Blank 

njection Date: 12/20/2007 10:57 AM Calculation Date: 12/21/2007 12:11 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
Jrkstation: STARWORKSTATIOy HOie Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FID Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 14 Zero Offset = 2% 
-tart Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

O~~~=======~:=======~~=====~~===~================~~======~~=~~=====---r:--=----
1 0.0 0.5 1.0 1.5 2.0 2.5 3.0+1I<W1;~(~ 
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~rint Date: Fri Dec 21 14:04:15 2007 Page 1 of 1 

itle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 02 tun dilution air.run 
o1ethod File c:\star\methods\methods\121707~mth 
ample 10 02 Tun Dilution Air 

njection Date: 12/20/2007 12:05 PM Calculation Date: 12/21/2007 2:02 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 

....hannel Front = FlO Run Time 59.940 min 

~* GC Workstation Version 6.41 04469-2780-826-1335 ** 

un Mode Analysis 
?eak Measurement: Peak Area 
:alculation Type: External Standard 

Ret. Time Width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 200 ethane 23.45 11.947 0.019 978 BB 3.3 0 
2 250 ethene 10.73 14.105 0.097 448 BB 2.0 0 
3 300 propane 77.99 16.577 0.099 3255 BB 1.7 0 
4 390 ethyne 343.33 22.435 -0.295 14327 BB 1.9 0 
5 400 n-butane 7.08 22.965 0.073 295 BP 1.8 0 
6 460 2-methyl 11.99 27.156 0.203 500 BB 1.8 0 
7 500 n-pentan 162.84 29.101 -0.032 6795 BB 2.0 0 
8 600 n-hexane 21.82 34.547 -0.004 911 BB 2.1 0 
9 650 benzene 9.37 41.070 -0.089 391 BB 2.0 0 

10 690 2,2,4-tr 20.10 42.283 0.261 839 BB 2.4 0 
----------- ========== ------ ======= ========== -----
Group 0 688.70 0.332 28739 
----------- ========== ======= ========== 

Totals: 688.70 0.332 28739 

otal Unidentified Counts : 81053 counts 

)etected Peaks: 39 Rejected Peaks: 0 Identified Peaks: 10 

ultiplier: 1 Divisor: 41.73 Unidentified Peak Factor: 1 

aseline Offset: -22 microVolts LSB: 1 microVolts 

Joise (used): 25 microVolts - fixed value 
oise (monitored before this run): 31 microVolts 

lanual inj ection 

'rror Log: 

800 GC: 

~800 GC: 

****************************************************************************** 



. 

===i----16.577 

ritle GC# 1 - LE S/N08901 
~un File c:\star\data\122007\3800.45 02 tun dilution air.run 
lethod File c:\star\methods\methods\121707.mth 

Sample 10 02	 Tun Dilution Air 

njection Date: 12/20/2007 12:05 PM Calculation Date: 12/21/2007 2:02 PM 

)perator Nl Detector Type: 3800 (1000 Volts) 
--1orkstation: STARWORKSTAT10y HOle Bus Address 45 
nstrument Lotus THS Sample Rate 10.00 Hz 
~hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:=:hart Speed 0.34 cm/min Attenuation = 1 Zero Offset = 0% 
~tart	 Time 0.000 min End Time 59.940 min Min / Tick = 1.00 

o...---------r--0----------,--5-------------r1-0----------.----15------------.--2-0------------,<WI=4.( 
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?rint Date: Fri Dec 21 12:13:59 2007 Page 1 of 1 

ritle GC# 1 - MR S/N08902 
~un File c:\star\data\122007\3800.44 02 tun dilution air.run 
w1ethod File c:\star\methods\methods\121707~mth 
3ample 10 02 Tun Dilution Air 

[njection Date: 12/20/2007 12:05 PM Calculation Date: 12/21/2007 12:11 PM 

)perator NI Detector Type: 3800 (1000 Volts) 
vorkstation: STARWORKSTATIOy HUle Bus Address 44 
[nstrument Lotus THS Sample Rate 10.00 Hz 
:::hannel Front = FlO Run Time 59.940 min 

~* GC Workstation Version 6.41 04469-2780-826-1335 ** 

~un Mode Analysis 
?eak Measurement: Peak Area 
:::alculation Type: External Standard 

Ret. Time width 
Peak Peak Result Time Offset Area Sep. 1/2 Status 

No. Name (ppbC) (min) (min) (counts) Code (sec) Group Codes 
----------- --------- ------ ------ --------- -----

1 300 n-propan 39.59 15.064 0.027 7051 BV 13.5 0 
2 500 n-pentan 6.55 17.665 -0.030 1167 vv 7.2 0 
3 600 n-hexane 22.06 20.994 0.129 3930 BB 4.4 0 
4 650 benzene 10.02 23.244 0.094 1784 BB 4.4 0 
5 690 2,2,4-tr 34.67 24.652 0.080 6175 VB 4.4 0 
6 700 n-heptan 3.79 25.044 0.065 676 BB 4.0 0 
7 750 toluene 96.77 27.794 0.031 17237 VV 4.7 0 
8 800 n-octane 2.81 29.416 0.018 501 BB 3.7 0 
9 850 ethylben 10.03 31.983 0.022 1786 BB 4.3 0 

10 860 m&p-xyle 38.66 32.308 0.002 6887 GR 0.0 0 U 
11 880 o-xylene 22.25 33.360 -0.033 3963 VB 7.7 0 U 
12 900 n-nonane 6.56 33.709 -0.008 1168 BB 3.7 0 
13 980 1,2,4-tr 105.59 37.599 -0.020 18807 vv 5.3 0 
14 1000 n-decan 27.01 37.798 -0.023 4811 VP 4.0 0 
15 1100 n-undec 111.79 41.629 -0.014 19912 VV 4.4 0 
16 1200 n-dodec 193.01 45.240 -0.027 34379 VV 4.8 0 
17 1300 n-tride 133.40 48.604 -0.030 23761 vv 4.8 0 

----------- ========== ------ ======= ========== -----
Group 0 864.56 0.283 153995 
----------- ========== ======= ========== 

Totals: 864.56 0.283 153995 

,tatus Codes: 
J - User-defined peak endpoint(s) 

'otal Unidentified Counts 1222659 counts 

)etected Peaks: 157 Rejected Peaks: 4 Identified Peaks: 17 

ultiplier: 1 Divisor: 178.12 Unidentified Peak Factor: 1 

.aseline Offset: -25 microVolts LSB: 1 microVolts 

Joise (used): 25 microVolts - fixed value 
oise (monitored before this run): 31 microVolts 

!anual inj ection 

'rror Log: 

800 GC: 

;800 GC: 

****************************************************************************** 



ritle GC# 1 - MR S/N08902 
un File c:\star\data\122007\3800.44 02 tun dilution air.run 
ethod File c:\star\methods\methods\121707~mth 

3ample 10 02 Tun Dilution Air 

njection Date: 12/20/2007 12:05 PM Calculation Date: 12/21/2007 12:11 PM 

Jperator NI Detector Type: 3800 (1000 Volts) 
orkstation: STARWORKSTATIOy HOie Bus Address 44 
nstrument Lotus THS Sample Rate 10.00 Hz 

:hannel Front = FlO Run Time 59.940 min 

* GC Workstation Version 6.41 ** 04469-2780-826-1335 ** 

:hart Speed 0.34 em/min Attenuation = 1 Zero Offset = 0% 
tart Time 0.000 min End Time 59.940 min Min / Tick 1.00 

o----.---------,----1-0---------.-2-0-----------,-30-----.,----4-0---------.-5-0---------,,-60-----.,----7-0-<W1=4.( 
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Olson-EcoLogic Engine Testing Laboratories, LLC 
Steady State Carbonyls by High Performance Liquid Chromatography Results 

Chemist: Nathan Imus Date: 118/2008 

Sample Analysis 

Sample 10: BMLPV52 Comments: wI Viscon 
Sample Type: Dilute Exhaust 

Sample Date: 12/11107 Injection Date: 12/19107 
Collection (min): 20 Weighted Avg. bhp: 131.8900 

Work (bhp-hr): 43.9633 
Tunnel Volume (m 3 Imin): 70 

Total Volume (ft3): 49441 

Analyte Conc (ppbv) Uncertainty (ppbv) Cone (g/bhp-hr) Uncertainty (g/bhp-hr) 

formaldehyde 824.03 56.31 0.032759 0.002238 

acetaldehyde 123.72 18.35 0.007214 0.001070 

acetone 4.74 1.19 0.000364 0.000092 

acrolein 2.39 0.83 0.000178 0.000062 

propionaldehyde 13.39 1.80 0.001030 0.000139 

crotonaldehyde 0.00 0.69 0.000000 0.000064 

methyl ethyl ketone 0.29 0.79 0.000028 0.000075 

methacrolein 0.49 0.69 0.000045 0.000064 

butyraldehyde 5.43 0.86 0.000519 0.000083 

benzaldehyde 2.49 0.69 0.000350 0.000098 

glyoxal 0.00 0.41 0.000000 0.000032 

valeraldehyde 0.00 0.65 0.000000 0.000074 

m-tolualdehyde 1.07 0.61 0.000170 0.000098 

hexanaldehyde 3.17 0.79 0.000420 0.000105 

117/2008ALD Steady State Report version 1 Approved by :DRO 



Olson-EcoLogic Engine Testing Laboratories, LLC 
Steady State Carbonyls by High Performance Liquid Chromatography Results 

Chemist: Nathan Imus Date: 118i2008 

Sample Analysis 

Sample 10: BMLPV53 Comments: wi Viscon 
Sample Type: Dilute Exhaust 

Sample Date: 12/11107 Injection Date: 12/19107 
Collection (min): 20 Weighted Avg. bhp: 131.4800 

Work (bhp-hr): 43.8267 
Tunnel Volume (m 3 Imin): 70 

Total Volume (ft3): 49441 

Analyte Cone (ppbv) Uncertainty (ppbv) Cone (g/bhp-hr) Uncertainty (g/bhp-hr) 

formaldehyde 655.90 46.57 0.026156 0.001857 
acetaldehyde 106.82 16.33 0.006248 0.000955 

acetone 21.53 1.91 0.001660 0.000148 
acrolein 17.89 2.41 0.001332 0.000180 

propionaldehyde 14.32 1.91 0.001104 0.000148 
crotonaIdehyde 9.60 1.47 0.000894 0.000136 

methyl ethyl ketone 2.52 0.91 0.000241 0.000087 
methac~olein 0.00 0.69 0.000000 0.000065 

butyraldehyde 5.34 0.82 0.000511 0.000078 
benzaldehyde 5.33 0.96 0.000751 0.000135 

glyoxal 0.00 0.41 0.000000 0.000032 
valeraldehyde 0.00 0.65 0.000000 0.000074 

m-tolualdehyde 2.13 0.66 0.000340 0.000105 
hexanaldehyde 2.38 0.71 0.000316 0.000094 

ALD Steady State Report version 1 Approved by :DRO 117/2008 



Olson-EcoLogic Engine Testing Laboratories, LLC 
Steady State Carbonyls by High Performance Liquid Chromatography Results 

Chemist: Nathan Imus Date: 11Bi200B 

Sample Analysis 

Sample Date: 
Collection (min): 

Sample 10: BMLPV54 
Sample Type: Dilute Exhaust 

12/11107 
20 

Comments: 

Injection Date: 
Weighted Avg. bhp: 

Work (bhp-hr): 

wi Viscon 

12/20107 
130.5700 
43.5233 

Tunnel Volume (m 3 Imin): 70 
Total Volume (ft3): 49441 

Analyte Cone (ppbv) Uncertainty (ppbv) Cone (g/bhp-hr) Uncertainty (glbhp-hr) 

formaldehyde 775.94 53.51 0.031159 0.002149 

acetaldehyde 125.35 18.67 0.007383 0.001100 

acetone 8.14 1.29 0.000632 0.000100 

acrolein 6.76 1.21 0.000507 0.000091 

propionaldehyde 14.63 1.97 0.001136 0.000153 
crotonaldehyde 1.08 0.70 0.000101 0.000065 

methyl ethyl ketone 0.49 0.79 0.000047 0.000076 
methacrolein 0.69 0.69 0.000064 0.000065 
butyraldehyde 6.69 0.98 0.000645 0.000094 

benzaldehyde 2.58 0.73 0.000366 0.000104 

glyoxal 0.00 0.41 0.000000 0.000032 

valeraldehyde 0.00 0.65 0.000000 0.000075 

m-tolualdehyde 0.98 0.61 0.000158 0.000099 

hexanaldehyde 3.34 0.79 0.000448 0.000106 

ALD Steady State Report version 1 Approved by :DRO 1nl2008 



Olson-EcoLogic Engine Testing Laboratories, LLC 
Carbonyls by High Performance Liquid Chromatography Results 

Chemist: Nathan Imus Date: 1/Bi200B 

QA/QC 

Tunnel Blank 

Sample ID: 1211 Tun Blank Comments: 
Sample Type: Tunnel Air 

Sample Date: 12/11/07 Injection Date: 12/19/07 

Analyte Cone (ppbv) Uncertainty (ppbv) 

formaldehyde 0.06 7.81 

acetaldehyde 0.60 3.03 

acetone 6.70 1.24 
acrolein 0.00 0.74 

propionaldehyde 0.00 0.58 
crotonaIdehyde 0.00 0.69 

methyl ethyl ketone 0.87 0.82 
methacrolein 0.00 0.69 

butyraldehyde 0.00 0.41 
benzaldehyde 0.00 0.61 

glyoxal 0.00 0.41 
valeraldehyde 0.00 0.65 

m-tolualdehyde 0.00 0.58 
hexanaldehyde 0.00 0.62 

Field Blank 

Sample ID: 
Sample Type: 

Sample Date: 12/11/07 

Analyte 

formaldehyde 
acetaldehyde 

acetone 

acrolein 

propionaldehyde 

crotonaldehyde 

methyl ethyl ketone 

methacrolein 

butyraldehyde 

benzaldehyde 

glyoxal 

valeraldehyde 

m-tolualdehyde 

hexanaldehyde 

ALD QC version 1 

Cone (ppbv) 

5.50 
3.16 

7.73 

0.00 

0.00 

0.00 

2.33 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Field Blank Comments: 
Field Air 

Injection Date: 12/21/07 

Uncertainty (ppbv) 

0.89 
0.84 

0.64 
0.52 

0.41 

0.49 

0.59 

0.49 

0.29 

0.43 

0.29 

0.46 

0.41 

0.44 

Approved by: DRO 1/7/2008 
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Department of Toxic Substances ControJ 
. ,: . : 

. ,~o"",~ . . 
Maureen F. Gorsen, Director 

Linda S. Adams' . 1001 _I_ Street Amold Schwarzenegger 
Secret~ry for	 Governor. P.O. Box 806 . 

Environmental Protection Sacramento, California 95812-0806 

MEMORANDUM 

TO:	 Bob Okamoto
 
Air Pollution Specialist
 
Air Resources Board
 

FR'OM:	 Li Tang .~~ .~1"
 
Multimedia Products Section
 
'Department of Toxic Substances Control
 

(	 . 

'SUBJECT: Reply to Visean's '"Response to Memorandum DTSC Comments" 
'. Regarding.Multi Media Evaluation (Tier II) . . 

DATE:	 February 24, 2009 

Viscon has responded to Department of Toxic SubsUu;ees Contro"I's (DTSC) December 
23,2008 comments on Vfseon's Multi ~edia Evaluation;(Tier II) report.. Viscon.'s " 
response: 

1) Explains that a 500 ppm· of Viscon contains 5 ppm of PIS;' 
2) Prov.ides a" copy of a renewed license for Elastol as an oil spill cleanup ag~nt; 
.3) Emphasizes that attachments 6, 9, 10, and 11 in the Tier II report were provided 

as historical backgroundinformatiori; and 
4) Includes a copy of a letter prepared by HCI Environmental & Engineering Service 

(HCIEES) Stating that a recent jet fuei spill that the company had contracted to 
clean up would have been better contained because. Visean had"been added to 

.the fuel.	 . . 

DTSC appreciates the explanation in item 1 and the·copy of the renewed Elastol license " 
in item 2, but.has questions abput the other two points that Visean makes. Specifi~ally: 

Item 3 above: The historical information provided' by Visean does not address qur 
concerns. Descriptions and explanations that connect the Visean properties to the 
historical information are necess.ary in the Tier II' report. 

Item 4 above: Viscon's response appears contain. conflicting information. In the first 
paragraph, Viscon states that the diesel Viscosity has "immediate and temporary 
increase" due to trace Visean addition and later, Viscon argues that it would not b~ . 

@ Printed on Recycled Paper' 



February 24,2009 
Page 2· ' 

reasonable to req'uire laboratory testing of the properties of soil c9ntaminated with 
Viscon fuel. They base this argument on the very low PIS concen~ration.The HCIEES 
letter did not support its claim that jet fuel'spills with Viscon have been better contained 
than spills of regular fuel. If this is a fact, DTSC would like to. review the supporting data. 
DTSC .does not find the assertion by HCIEES ,that Viscon is Ujust more of the same that 
is already being dealt with (hydrocarbons), regardi.ng .these widely used and popular 
technologies" to be persuasive. For example, it is common for a long chain hydrocarbon 
to be non-biodegradable, or less biodegrad'able than a sh'ort chain hydrocarbon. A~ 

mentioned in the Air Resources Board's comments, PIS Cfmay be highly persistent in 
environmental media." It is unknown if the persistence affects the' diesel cleanup from 
soil. This is the rea~on that DTSC requests laboratqry tests to avoid the future 
environmental impact. 

,	 If you have any questions, please contact me at (916)323- 97.S7, or my staff Li Tang at 
(916).322-2505, or Itang@dtsc.ca.gov,'. Th~nk you. '..' . 

cc:	 Sherri Lehman~ Chief
 
Taxies in Products Branch .
 
Office of Pollution Prevention and Green Technology
 

. Department of Toxic Substances ~on~rol 

. Andre Aigazl, Chief
 
Consumer Products Section
 

.. Office 'of Pollution Prevention.and Green Technology
 
Department of Toxic Substances Control
 

Aubrey Sideco :
 
Air Resources Section, SSD
 
California Air Resources Board
 



Question: Comments on "Viscon Multi Media Evaluation." 

The information on health effects of PIB is not adequate for an evaluation ofpotential 
adverse impacts. Such information may be unavailable because this substance has not 
been tested for health effects. The PIB used in Viscon has a vel}' large molecular 
weight so that it is unlikely to pass through the wall of the mammalian gastrointestinal 
tract. The PIB does not appear to be susceptible to biological oxidation, reduction or 
other type of metabolic reaction. Therefore, it may be highly persistent in environmental 
media. 

The document is inconsistent in the comparison of Viscon emissions with emissions 
from combustion of the control fuel (GARB diesel). I recommend that all comparisons 
be calculated as (Viscon emission minus GARB diesel emission) divided by GARB 
diesel emission where both the Viscon emission term and the GARB diesel emission 
term are calculated as the amount of the substance emitted per horsepower-hour of 
work performed by the engine used in the test. 

Response: 

Section 2708 of the Verification Procedure, Warranty and In-Use Compliance Requirements for 
In-Use Strategies to Control Emissions from Diesel Engines (Verification Procedure) provides 
specific guidance regarding the determination of emissions reductions from diesel emission 
control strategies. Applicants are required to calculate emissions reductions for a specific diesel 
emission control strategy based on the average of all valid test results before and after 
.implementation of the strategy. The Verification Procedure characterizes the test results before 
any changes are made to the test engine or test fuel as "baseline", and those tests performed after 
changes as "control". The percent reduction is the difference between the average baseline and 
average control emissions divided by the average baseline emissions, multiplied by 100 percent. 

Unfortunately, the use of the term "control" as required by the Verification Procedure has 
recently led to some confusion. In the scientific community, the term control is generally used to 
refer to a sample in which a factor whose effect is being tested is absent or is held constant. 
Therefore, it is easy to understand how some may inadvertently view the results of the "control" 
emissions tests as if they were baseline results. It may help the reader to think of the "control" 
fuel as the "modified" fuel when comparing to the baseline fueL 

The convention used throughout both the Tier I and Tier II reports from Viscon is that all test 
results before any changes are made are referred to as "baseline" and all test results after changes 
have been made are referred to as "control". 



Cleaning Tomorrow's Air Today 

May 22,2009 

In response to the DTSC Question concerning Dosage levels dated December 23,2008.
 
To calculate the dosage rate, 1 oz. of Viscon goes into 20 gallons of diesel.
 
This would be 1 divided by 2560 =.00039. The amount of PIS in the 1 oz of Viscon is
 
1% of the total. 1% PIS /99% diesel. 390 PPM divided by 100 =3.9 PPM.
 
3.9 PPM is less than 5 parts per million. 

Viseon California, LLC
 
3121 Standard Street, Bakersfield, CA 93308 Phone: 661.327.7061 Fax: 661.327.7743
 



Hel Environmental & Engineering Service 
A-GENERAL ENGINEERING STATE CONTRACTORS LICENSE NUMBER 788216 

·Committed to Providing Quality Products and Services. P 

Visit us on the web at www.HCIENV.com& ENGINEERING 

February 05, 2009 

Mr. Michael Porter 
Viscon USA 
3121 Standard Street 
Bakersfield, CA 93308 
(661) 327-7061/ Office 
(661) 327-7743/ Facsimile 

Re:	 The Effects ofViscon(polyisobutylene).·on Current Dis}iosallReeycling 
Options for Petroleum Contaminated Soils 

Dear Mike: 

Thank you for contacting our finn, regarding the above referenced product and its effects 
on current technologies available for the proper disposal and/or recycling of petroleum 
contaminated soils. 

First, let us confirm that the individual principals ofthis finn, to include myself: have 
been ~ctively involved in. the proper remediation ofpetroleum contaminated soils for 
twenty years. We have performed soil remediation through the following technologies, 
over those twenty years.: 

a) Vapor Extraction 
b) Bio-Remediation 
c) Thermal Desorption 

.d) Landfill and/or Land Cover 

We have steered our clients over the years towards those recycling options listed above. 
While twenty years ago, recycling was not an option for everyone, mainly due to cost, 
our industry has matured. Recycling is·now available as well as affordable to most, which 
have the unpleasant fortune ofcontaminated·soil to contend with. 

As we write this letter to you, we have been contracted by AIG Insurance to perform a 
clean-up ofjet fuel at the Mojave AirporlOur Emergency Response Crews have been 
dispatched and we will begin (under the direction ofKem County Environmental Health) 
the arduous task of remediation, transportation and recycling ofpetroleum contaminated 
soil. This client would have been better served, hadViscon been in the jet fuel that 
spilled. The spill would have been better contained (to the clients liking as well as our 
environments), due to Viscon's ability to retard the petroleum products from permeating 
as quickly. 

S. californiaChevron 
los Angeles Metro
 
(Corporate Offtce)
 

114 Business center Drive
 
Corona. Ca 92880
 

800.988.«24
=== 951.280.0118 Fax 

N. Caflfomia Nevada 
Saaamento Metro Las Vegas Metro 

~915 L Street. Ste. C 101 S. Rainbow Blvd 
Sacramento, ca 95814 I.:.aS Vegas, NV 89128 TEXACO 

800.988.4424 800.988.4424 
916.444.3204 Fax 702.221.2711 Fax 



Mr. Michael Porter 

Viscon USA 

Page 2 of2 

Additionally and in order to answer your question directly, Viscon being a long 
hydrocarbon chain would have posed no issues, as it relates to the recycling options 
available to us today. 

While most of our clients choose to either Bio-Remediate or Thennal Desorption, these 
technologies either "eat," hydrocarbon chains by utilizing bugs or "thermally destroy" 
hydrocarbon chains, by burning/incineration. Viscon, simply said, is just more of the 
same that is already being dealt with (hydrocarbons), regarding these widely used and 
popular technologies. 

Please do not hesitate to contact me directly, if you have any additional questions or if we 
can be of further assistance. 

Sincerely,
 
HCI Environmental & Engineering Service
 

tltW?1VJ C!vfil/~ 
Douglas £)Parker, REA 1-08091 
Registered Environmental Assessor I 

Sk:DLP 



State of QIIifornja - The Resources Aaency ARNOW SCHWt\RZENEGGER, Goyernor 

DEPARTMENT OF FISH AND GAME
 
httD:I/WWW.dfg.g!.goy
 
Office of Spin Prevention and Response
 
1700 K Street. Suite 250
 
Sacramento~ CA 95814
 
Telephone: (916) 327...9960 

July 24, 2007 

Mr. Terry Politi
 
Technical Representative
 
General Teohnologies Application Inc.
 
7400 Gallerher Rd.
 
Gainesville. VA 20155
 

Dear. Mr. Politi: 

Thank you for your intere$t in renewing the licens~fortheproduct ~Efastoltt.
 
We received and reviewed the renewal information subm,ittedand ftmeets~ the
 
regulatory· requirements. Enclosed is yo'ur license for the on SpiUClean.uR Agent
 
tlEJastol.· Unless revoked for good cause, this license Is valid until August:1 0, 2012.
 

Please be aware that licensing of a product as an oil spill clean up ~gent by 
the Office of Spill Prevention and Respons~ in no waY'constit,ut8$ an endorsement 
by the State of California nor necessitates ,that theprO(fuof,Willbeused at (he time of 
a spill. Please be advised that the appropriateness ofproduqt use will be ~ssessed 
on a case-by-case basis at the tirneoil is released into the waters of the State and is 
contingent upon approval by the Administrator of the OfficeofSpilJ Prevention and 
Response and the Federal Regional Response Team, Region-IX. Finally, the Office 
of Spill Prevention and Response restricts the use of Ioos~ particulate mat~rials for 
purposes of on-water spill response. As such, loose particulate materials rpust be 
contained, either in pillows, socks, or within the confinE!so:f'boomsorbooniing 
operations. for use in cleanup for all waters of the State.'These.restriction$ are 
necessary to ensure that large quantities of foreign materials are not lost t<i the 
environment where they can become-available-to wildlife. 

Should you have any questions or need any additional information Il3garding 
the licensing of your product. please contact Ms. Yvonne Najah Addassi o(my staff 
at telephone number (916) 324-7626. 

Sincerely, 

Ms. Lisa Curtis 
Acting Administrator 
Office of Spill Prevention and Response 

Enclosure 

Conserving CaCifornia's 'Wififfife Since 1870 



State of California
 
Department of Fish and Game
 

Office of SpUI Prevention and Response
 

LICENSE FOR OIL SPILL CLEANUP AG~NT 

ISSUED TO: General Technologies Application Inc. 

PRODUCT NAME: Elastol 

PRODUCT CLASSIFICATION: Elasticity Modifier 

DATE ISSUED: August 10, 2007 

EXPIRAnON DATE: August 10, 2012 

The applicant, having followed the procedures as outUned in Government Code Sections 
8670.13.1 &8670.13.2., and having submitted a proper application which was reviewed ahd found in 
order, is hereby issued this license. 

Use of the product must be in strict compliance with referenced Gove':Jlment Code Sections and 
SUbsequent regulations. which requires approval of the Administrator of the Office of Spill Prevention and 
Response and the Federal Region IX Regional Response Team prior to use. 

The term of this license shall be for a period of five (5) years unless revoked prior ,to that date for 
good cause. 

This license does not denote endorsement of the product by the Department of Fish and Game or 
any other State Agency. 

Lisa Curtis 
Administrator 
Office of Spill Prevention and Response 
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From: Sideco, Aubrey@ARB 
Sent: Tuesday, February 24,2009 1:13 PM 
To: Sideco, Aubrey@ARB 
Subject: FW: VISCON addition comments prompted by DTSC 

From: Robert Hodam [mailto:RHodam@waterboards.ca.gov] 
sent: Wednesday, February 18, 2009 5:34 PM 
To: Peterson, Jim@ARB; Sideco, Aubrey@ARB; Simeroth, Dean@ARB; Vergara, Floyd@ARB; Guthrie, 
Jim@ARB; Lee, John@ARB; Rosenkranz, Kirk@ARB; Lee, Linda@ARB; 5chuy, Mark@ARB; Hill, 
Rodney@ARB; Okamoto, Bob@ARB; Daley, Shawn@ARB; Li Tang; Sherri Lehman; Sonia Low; Xiaoying 
Zhou; Andy Salmon; Bruce Winder; Elaine Khan; Hristo Hristov; Melanie Marty; Page Painter; James 
Giannopoulos 
Cc: Bloudoff, Dean@ARB; Benjamin Heningburg; Laura Fisher 
Subject: RE: VISCON addition comments prompted by DTSC 

To: Bob Okamoto - the comments below are based on my recent conversations with Li Tang, DTSC. 
Please add these comments to my previous comments. 

Documentation of the effect of PIB on soil characteristics and biodegradability 
-
DTSC has requested documentation of the effects of a release of Viscon-diesel blend into soil compared to a diesel 
release into soil. The applicant Viseon california LLC has not provided any scientific data to confirm their 'common 
sense' condusion that the mobility of diesel in soil is decreased, or to document the change in biodegradability of 
Visean-diesel blends. 

Viscon is basically polyisobutylene (PIB). This relatively non-toxic chemical has been used for some years to clean 
up marine petroleum prcxJuct spills in water and on beaches, including formal authorization to do so by the DWQ, 
State Water Resources Control Board. A brief internet search for data on oil spill cleanup reveals that PIB, which 
has an affinity for organic material, works by increasing the viscosity of petroleum products and thus decreasing the 
penetration of the petroleum into beach sand and by creating an adhesive elastic effect on petroleum floating on 
surface water so that the oil can be skimmed off. 

The applicant's Tier I document indicates that PIB is to be blended < 10/0 in diesel to achieve the projected 
benefits. 

One could speculate from the oil spill cleanup reports and the concentration of PIB in the proposed Viseon-diesel 
blend that such a blend would be more viseous and less mobile in soil, especially high organic content soil, than 
diesel without Viseon. One could also speculate, based on physical property data indicating that PIB has a relatively 
low biodegradability, that a Visean-diesel blend would have a lower biodegradability than diesel without Viscon. 
However, Viseon LLC has not prOVided published scientific references to confirm either soil property changes or 
biodegradability. 

Viseon LLC has, however, provided a letter dated February 5, 2009 from HCI Environmental and Engineering 
service, which speculates on the hypothetical benefits of Viscon in the deanup of a recent jet fuel spill had the fuel 
contained Visean. This anecdotal opinion does not constitute evidence of purported benefits, nor does it address 
DTSC's concerns about changes in soil properties. 

The letter also implies that bioremediation is a viable option for the cleanup of Viseon-diesel releases. That is 
contrary to the conclusion one might reach based on available PIB physical property data, which indicates PIB is not 
relatively biodegradable. 

Consequently, Viscon LLC should at least provide published scientific data documenting both the 
biodegradability of Viscon-diesel and its fate and transport in soil compared to diesel without Viscon. 
If supporting data are not available, Viscon LLC should conduct laboratory tests which compare diesel 
to Viscon-diesel for biodegradability and fate and transport for the most likely worst cases. They may 
want to consider a high organic content soil as a candidate soil for one of the fate and transport tests. 

Bob 

file:/IN:\VISCON CALIFORNIA, LLC\CARB\CARB Multi Media Tier 111 6 3 09\Multi ... 6/3/2009 
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Robert Hodam, MS Eng. MBA. 
Alternative Fuels Lead 
Division of Water Quality 
State Water Resources Control Board 
California Environmental Protection Agency 
http://www.waterboards.ca.gov/ 

1001 I St. 15th Floor 
sacramento, CA 95814, USA 

rhodam@waterboards.ca.gov 
cell Phone (916) 705-4234 
Fax: (916) 341-5808 

file:/IN:\VISCON CALIFORNIA, LLC\CARB\CARB Multi Media Tier 111 6 3 09\Multi ... 6/3/2009 
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From: Sideco, Aubrey@ARB 
Sent: Tuesday, February 24,2009 1:14 PM 
To: Sideco, Aubrey@ARB 
Subject: FW: VISCON TAB16_correction to 1st email 

From: Robert Hodam [mailto:RHodam@waterboards.ca.gov] 
sent: Tuesday, February 17, 2009 4:56 PM 
To: Peterson, Jim@ARB; Sideco, Aubrey@ARB; Simeroth, Dean@ARB; Vergara, Floyd@ARB; Guthrie, 
Jim@ARB; Lee, John@ARB; Rosenkranz, Kirk@ARB; Lee, Linda@ARB; SChuy, Mark@ARB; Hill, 
Rodney@ARB; Okamoto, Bob@ARB; Daley, Shawn@ARB; Li Tang; Sherri Lehman; Sonia Low; Dr. Xiao 
Ying Zhou; Andy Salmon; Bruce Winder; Elaine Khan; Hristo Hristov; Melanie Marty; Page Painter; 
James Giannopoulos 
Cc: Bloudoff, Dean@ARB; Benjamin Heningburg; Laura Fisher 
Subject: RE: ViSeaN TAB16_correction to 1st email 

Aubrey, 

I have reviewed Viscon's responses to the MMWG comments on their Tier I submission, and 
re-reviewed their Tier I documents; I have no additional comments or questions. 

In fact, upon re-review of the physical characteristics of polyisobutylene, this product seems 
idea in terms of restricting the mobility of diesel leaked from a UST and thus reducing the cost 
of cleanup. Given its low solubility in water one may even be able to wash the product from 
all but the most organic soils. 

Consultation with Water Board toxico~ogists confirms that polyisobutylene appears to pose no 
significant toxicology issues (mammalian LD50 = 2000 mg/kg). 

regards, Bob 

Robert Hodam, MS Eng. MBA. 
Alternative Fuels Lead 
Division of Water Quality 
State Water Resources Control Board 
California Environmental Protection Agency 
http://www.waterboards.ca.gov/ 

1001 I St. 15th Floor 
Sacramento, CA 95814, USA 

rhodam@waterboards.ca.gov 
Cell Phone (916) 705-4234 
Fax: (916) 341-5808 

file://N:\VISCON CALIFORNIA, LLC\CARB\CARB Multi Media Tier 111 6 3 09\Multi ... 6/3/2009 



Mr. Michael Porter, President 
Viscon USA 
3121 Standard Street 
Bakersfield, Ca 93308 
661 .327.7061 / Office 
661 .327.7743 / Facsimile 
Lpodmikeporter@aol.com 

Dear Mr. Porter 

In regards to the recent letter from the DTSC regarding a long chain 
hydrocarbon to be non-biodegradable, this is simply false. At Western Environmental 
Inc., we have extensive knowledge of the bio-remediation process. A long chain 
hydrocarbon is biodegradable; however the time to break the choin is the concerning 
factor in the process. We have had success with reducing the hydrocarbon chains of 
C 18 to C43 in a 90 day period. Included is test data labeled CLNFL 006- Screened, this is 
our base line data at the start of the treatment process. Also included is the test data 
labeled CLNFL 006-7, this is the seventh sample taken of the base line material after 90 
days. As you can see, the total hydrocarbon concentration of the soil went from 813 
ppm to 311 ppm. The concentration of the microbes was 0.3 gallons of brew per ton at 
a rate of 52.5 gallons per hour. The soil was watered daily and aerated based on 
temperature increases and plateaus. The time is the main factor in the degradation of 
the hydrocarbon molecules into their constituent parts, carbon dioxide and water. If an 
additive of < 1% polyisobutylene (PIB) was added to the hydrocarbons this would 
prolong the process of degradation, but it certainly would not stop the process. 

Thermal treatment on the other hand is also another treatment option. The 
thermal desorption process involves the heating the petroleum contaminated soil to a 
temperature of 500 to 700 degrees Fahrenheit to volatilize the entrained petroleum 
contaminates. These process gasses then enter the bag house for particulate removal 
then the air stream is duct into the thermal oxidizer where they are heated to a 

62-150 Gene Weimas Dr. Mecca, CA. 92254 - Phone (760)396-0222 Fax (760)396-4300 
Website: wei-mecca.com 



minimum temperature of 1400 degrees. At this high temperature the volatized 
hydrocarbons are oxidized and destroyed. 

Both processes achieve the same result, but the obvious concern is the time it 
takes to get the desired result. With the proper resources and time, the bioremediation 
of long chain hydrocarbons is a viable method of treatment. 

Matthew Mullen 
QA/QC, Compliance Manager 

62-150 Gene Weimas Dr. Mecca, CA. 92254 - Phone (760)396-0222 Fax (760)396-4300 
Website: wei-mecca.com 



.Jon~s:Environwental, lnc.
 
EO. Box 5387 • FuI1c~n, CA 92&~.Testing La.bQratorles (714) 449-9937 • FAX (714) 449-9685 

JONES ENVIRONMENTAL
 

LABOAATORY REPORT
 

Client: 
Client Address: 

Project: 
.. Project Address: 

Western Environmental, Inc. 
P.O. Box 248 
Mecca, CA 92254 

WINDROWS-006 
62-150 Gene Welmas, Mecca, CA 

Report Date: 
JEL Ref. No.: 

, 'Date Sainple~.: 
.. Date Received: 

Date Analyzed: 
Physical S~ate: 

02115/08 
ST-4084 

Q2/08/08 
02/11/08 
02/14/08 
Soil 

ANALYSES REQUESTED 

1. Mod 8015 Diesel - Simulated Distillation Extended ~nge (EPA 2887) 

. Ap'proval:' ~~ 
Steve Jones, Ph.D. 
Laboratory Man~g~r 



Testing Laboratories 

JONESENVlRONMENTAL
 

QUALITY CONTROL INFORMAT10N
 

Client: Western Environmental, Inc. 'Report Date: 
Client Address: P.O. Box 248 JEL Ref. No.: 

Mecca, CA 92254 

Date Sampled: 
Date Received: 

Project: WINDROWS-006 Date Analyzed: 
Project Address: 62-150 Gene Welmas, Mecca, CA Physical State: 

Jones Environmental, Inc.
 
P.o. Box 5387. FullertoD, CA 92838 
(714) 449-9937. FAX (714) 4499685 

02115/08 
ST-4084 

02/08/08 
02/11/08 
02/14/08 
Soil 

Modified 8015 Diesel (Simulated Distillation Extended Range) 

Sample Spiked: CLEAN SOIL 

MS MSD AcceptabiIity 
Paranleter Recovery (%) Recovery (%) . Range (0/0) 

Diesel 106% 99% 7.40/0 65 - 125 

Method Blank = Not Detected 

MS = Matrix Spike 
MSD == Matrix Spike Duplicate 
RPD = Relative Percent Difference 

3
 



Jones Environmental, Inc.
 
Testing Laboratories P.O. Box 5387. Fullerton, CA 92838 

(714) 449-9937. FAX (714) 4499685 

JONES ENVIRONMENTAL 

LABORATORY RESPLTS 

Client: Western Environmental, Inc. Report Date: 02/15/08 
Client Address: P.O. Box 248 JEL Ref. No.: ST-4084 

Mecca, CA 92254 

Date Sampled: 02/08108 
Date Received: 02/11/08 

Project: WINDROWS-006 Date Analyzed: 02/14/08 
Project Address: 62-150 Gene Welmas, Mecca, CA Physical State: Soil 

Modified 801S Diesel (Simulated Distillation Extended Range) 

Sample ID 
Concentration (mgIKg) 

Carbon Clulin Range CLNFLOO6- CLNFL006
SCREENED 

C6-C7 ND ND 
C8-C9 3.0 29 
CIO-Cll 7.2 7.0 
CI2-CIJ 23 24 
C14-C15 41 41 
C16..C17 54 S6 
C18-C19 48 60 
C20-C23 102 147 
C24-C27 103 158 
C28-C31 106 159 
C32-C35 44 91 
C36-C39 17 31 
C40-C43 5.8 10 
C44+ ND ND 

~ 

Total SS4 813 

Surrogate Recovery Hexacosane 0/.
 
Acceptance RanKe: 650/0 - 1250/v --t -~.
 

Dilution Factor 1 1 
Practical QuantitatioD limits 10 10 

ND = Not Dclected 

2 



P.o. Box 5387JONES 
Fullerton, CA 92838 

(714) 449-9937 
Fax (714)449-9685EN'lllRONlo/IENTAL Chain-ai-Custody Record

TESTING UBORATORIES 

Date 

l~).-{~ I tJ"'--LJ8-~Y 
Project Name I Client Project # 

Tum Around Requested: 
o Immediate Attention 

o Rush 24·48 Hours 

~RUSh 72-96 Hours 
o Normal 
o Mobile Lab 

LaboratoryDiscuss]on TimeDate Sample Number 

Date 

Date 

lime 

1 ..."... - • WI - - ~ - - - - I r: F -, I 

IThne 

),. I Total Number of Containers 

The delivery of samples and the signature on 
wy= .. .. >< r « " this Chain of Custody form constitutes
 

e Relinquished by (signature)
 o Received by Laboratory (signature) Date authorization to perform the analyses specified 
above under the Terms and Conditions set 

Company ICompany Ilime 

~ 

Sample 10 

It~R.t'J(J D .... 

Iof 

·t 

lib Ule Only 

Sample Condition 
as Received: 
Chilled 0 yes 0 no 
sealed 0 yes 0 no 

Pagel 

Remarks/Special Instructions 

I forth on tile back hereof. 
I 



Testlng Laboxatorles 
JONESE'NVlRONMENTAL 

EO. Box 5387 • Fullerton, CA 92838 
(714) 449-9937 • FAX (714) 449-9685, 

LADORATORY REPORT 

Client: 
Client Address: 

Vfestem Enyironmentalt Inc. 
P.O. Box 248 
Mecca, CA 92254, 

RepOrt Date: : 
JEL Ref. No.: 

OS/20/08 
ST-4231 

Project: 
Proj.ect Address: 

FILL SOIL 
62-150 Gene Welrnas, Mecc~, CA 

Date Sampled: 
Date ReCeived: 
Date AnalyZed; 
Physical State: 

05/09/08 
,05/12/08 
05/15108 
Soil 

ANALYSES REQUESTE'D 

1. Mod 8015 Diesel - Simulated Distillation 'Extended Range (EPA 2887) 

Approval: 



Jones Environmental, Inc. 
P.o. Box 5387 • Fullerton, CA 92838 Testing Laboratories 

(714) 449-9937. FAX (714) 4499685 

JONES ENVIRONMENTAL
 

LABORATORY RESULTS
 

Client: Western Environmental, Inc. Report Date: OS/20/08 
Client Address: P.O. Box 248 . JEL Ref. No.: ST-4231 

Meccat CA 92254 

~ate Sampled: 05/09/08 
Date Received: 05/12108 

Project: FILL SOIL Date Analyzed: 05/15/08 
Project Address: 62-150 Gene Welmas, Mecca, CA Physical State: Soil 

Modified 801S Diesel (Simulated Distillation Extended Range) 

Sample ID
 
Concentration (mgIKg)
 

Carbon Chain Range . CLNFL
006-7 

C6-C7 ND 
C8-C9 NO 
C10-CII NO 
C12-C13 ND 
C~14-CI5 29.4 
C16..C17 41.8 
CJ8-CI9 37.0 
C20-C23 49.3 
C24-C27 62.4 
C28-C31 62.6 
C32-C35 28.5 
C36-C39 ND 
C40-C43 ND 
C44+ NO 

Total 31.1 

Surrogate Recovery Hexacosaloe -/0 _e.Acceptance Range: 650/. - 1250/0 

Dilution Factor 1 
Practical Ouantitation limits 10 

ND =. Not Detected 
• = 1-1 igh Hydrocarbon concentration in t~is sample prevented adequate surrogate recovery 

2 



Jones Environmental, Inc.
 
P.o. Box 5387. Fullerton, CA 92838 .Testing Laboratories 
(714) 449-9937- FAX (714) 4499685 

JONES ENVIRONMENTAL 

QUALITY CONTROL INFORMATION 

Client: 
Client Address: 

Western Environmental, Inc. 
P.O. Box 248 
Mecca, CA 92254 

Report Date: 
. JEL Ref. No.: 

Project: 
Project Address: 

FILL SOIL 
62-150 Gene Welmas, Mecca7 CA 

Date Sampled: 
Date Received: 
Date Analyzed: 
Physical State: 

05/20/08 
ST-4231 

05/09/08 
05/12/08 
05/15/08 
Soil 

M"odified 8015 Diesel (Simulated Distillation Extended Range) 

Sample Spiked: Clean Soil 

Parameter 
MS 

Recovery (%l 
MSD 

RecOvery (%) 
Acceptability 

Range (%l 

Diesel 100% 100% 0.1% 6S - 125 

Melhod Blank = Not Detected 

MS 
MSD 
RPD . 

= 
= 
= 

Matrix Spike 
Matrix Spike Duplicate 
Relative Percent Difference 

3
 



P.o. Box 5387JONES 
FuUefton, CA 92838 

(714) 449-9937EN\lTIR0Nl\/IENT~L\L Fax (714)449-9685 Chain-of-Custody RecordTESTING lABORATORIES 

Client Date ~ 
~-?-dJ' Analysis Requested IJl:g'7~ p-~I./ 1/ZI!n..J ~ 

is'project Name _ Client Project, @ 

Jp?//~ 
Project Address I

TLm Around Requested: ~ 

i 
~o Immediate AttentionJ?~ MlrYIZM4-7 '1>/ ... 

I'-""'~ V - o Rush 24-48 Hours 

o Rush 72-96 Hours ~IU~ !J44~ ~72-~~ f;i .l
~ormaJ
 

1I_~ ~~~.~A ~ ,
 

Prl'"eet Contact ./  o Mobile Lab #1; 
~ 

'" (,)
I 

,v,.r , ,'~ I" - ,~ ,- i ~ 

Laboratory g~ 
Sample 10 Discussion Date Time Sample Number II~~ 

~ 
I 

Remarks/Specia' Instructions 

~jP/n#-COc:' -7 7~7·h 97" 7
...- I 

Daleo Rell uis~by (signature) ..L G Recelve~ture) :~ 
Total Number of Containers.1'1;::""1" .I~~ .i::::?~ r...", ~....J .A .~ _L ~~~.J~ N~.n_ I§'7-d9~"',.,.... -~., - --  I/~'oi 

Company"" , Company / 
The delivery of samples and the signature oni/15 Ju-JA~ ·r;wtll~~ 7fID this Chain of Custody form constitutes 

e Relinquished by (signature) o ReceIved by Laboratory (signature) DateDate authorization to perform the analyses specified 
above under the Terms and Conditions set 
forth on th~k hereof.Company limeTimeCompany 

~ ~ r/"'7~-6:"~~ 

' JEL Project It 

5[t;;-3J 
Page lot I 
lab Use Only 

Sample Condition 
as Received: 
Chilled a yes 0 no 
Sealed a yes CJ no 

~~ ~--



Cleaning Tomorrow's Air Today
 

March 13, 2009 

Dear Dr. Tang 

Our response to questions and comments are set forth below. However, since there 
appears to be some misunderstanding about the content of our Tier II report, we would 
like to summarize certain aspects of Viscon as they appear in the Introduction to the 
Multi Media Evaluation. 

First, the Tier II report covers both the Viscon product and the Viscon/diesel blend. The 
Viscon product is comprised of 99% CARB diesel and 1% high molecular weight PIB. 
The dosage rate for Viscon in diesel fuel is about 500 PPM with a PIB content of about 5 
PPM. 

Second, the PIB used in Viscon is a food grade material. In a lower molecular weight it 
is used in most of the chewing gum on the market in the United States. 

Answers to Questions and Comments 

1. Attachments 6, 9, 10 and 11 of the Tier II report do not address the concerns of her 
office. She asks that Viscon connect the Viscon properties to use of historical 
information in these papers. 

Each of the attachments was offered as evidence that the Viscon product does not pose an 
environmental hazard. 

Attachment 6 is a license granted by the California Water Resources Board for the use of 
Elastol as an oil spill cleanup agent. Elastol is comprised of finely ground high molecular 
weight PIB like the PIB in Viscon. Both come from the same supplier, BASF, and differ 
only in that Elastol has a molecular weight of about 6.3 million while the PIB in Viscon 
has a molecular weight of about 7 million. The license for Elastol was granted after tests 
for toxicity required by the California Water Resources Board, were carried out and 
reported to the Board. A summary of this test is attachment 14 of the Tier II report. 

Viseon California, LLC
 
3121 Standard Street, Bakersfield, CA 93308 Phone: 661.327.7061 Fax: 661.327.7743
 



Viscon believes that the work carried out for the California Water Resources Board, and 
the Board's subsequent granting of a license support its conclusion that the active 
component of Viscon is not toxic in the water environment. 

Attachment 9 is a report of work by Environment Canada evaluating the Elastol product 
described above as an oil spill recovery agent for spills on water. Elastol in these tests 
was evaluated in the laboratory at concentrations of 600 PPM to 6000 PPM in a series of 
crude oils, diesel fuel and Bunker C, and in the field in various oils at concentration of 
Elastol of 1000 to 9000 PPM. A conclusion of this report was that Elastol improves 
skimmer recovery of spilled oil on water and retards oil slick spreading. 

Since the Viscon product is a solution of about 10,000 PPM in diesel fuel, the company 
believes that the Environment Canada test report is relevant to an evaluation of the effects 
ofa release of Viseon to a water environment. 

Attachment 10 is a report of tests by Florida International University evaluating the 
toxicity of weathered oils, with and without Elastol, to corals and sea grasses. A 
treatment concentration of 8000 PPM of Elastol to oil was included in the test. One of 
the conclusions of the test was that Elastol reduced the toxicity of the oil being tested. 

The Elastol product, in solution in oil at 8000 PPM is similar to the 10,000 PPM PIB 
solution in Viscon. Viscon believes that this test data is relevant to evaluation of the 
effects of a release of the Viscon product into a water environment. 

Attachment 11 is a report of an oil spill experiment carried out by the United States 
Mineral Management Service and Environment Canada. The program was to 
demonstrate the effectiveness of state of the art oil spill containment and recovery 
equipment in an open ocean enviroI1J!1ent under relatively high sea state conditions. 
Elastol was included in the test. One conclusion in the report is that Elastol significantly 
enhanced the recovery of the spilled oil. 

Viscon believes this report is relevant to a release of the Viscon product to water in 
adverse weather and water conditions. 

2. In referring to item 4 of her memorandum Dr. Tang states that Viscon is providing 
conflicting information, where it states that the Viscon/diesel blend has an "immediate 
and temporary increase" in viscosity and yet argues that it would not be reasonable to 
require laboratory testing of soil contaminated with Viscon/diesel fuel. We don't agree. 

The phenomenon upon which the Viscon technology is based is extensional viscosity. 
Attachment 7 to the Tier II report is a scientific explanation of elongational viscosity. 
Section 2 of this paper explains that a small concentration of high molecular weight 
polyisobutylene (PIB) has little effect on the resting viscosity of the solution. Section 3 
of the paper explains that high molecular weight PIB has a very large effect on the 
viscosity of a solution under strain even at very small concentrations of PIB. It is 
explained further that the rate of strain determines the time for a solution to increase in 

Viscon California, LLC
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viscosity. The higher the rate of strain, the more rapid the increase in viscosity. Later in 
the paper in Section 4 at page 4 it explains that when the strain is released elongational 
viscosity decreases. 

The science of elongational viscosity establishes that a solution of 5 PPM of 7 million 
molecular weight PIB will have little or no effect on the transport of a Viscon/diesel 
solution in soil. 

Dr. Tang also raises the question of the effect of 5 PPM of PIB in biodegration treatment 
of Viscon/diesel contaminated soil. She correctly points out that high molecular weight 
hydrocarbons, like PIB, biodegrade more slowly than short chain hydrocarbons such as 
those in diesel fuel and therefore the PIB will be more persistent in the environment. It is 
important, however, to consider the properties of high molecular weight PIB in 
evaluating the environmental hazard posed by the differential in biodegradation rates of 
PIB and diesel fuel. The high molecular weight PIB in the Viscon product is a non-toxic, 
colorless, tasteless, odorless, food grade polymer which is insoluble in water. One of the 
uses of high molecular weight PIB produced by BASF is in food packaging. It is also a 
component in most of the chewing gum sold in the United States. In biodegration 
treatment of contaminated soil from a 10,000 gallon spill of Viscon/diesel, 6 ounces of 
PIB would remain equivalent to 6 sticks of Double mint gum. 

In summary Viscon believes that this is adequate support data provided by professionals 
in the bio-remediation industry. Further delays to the verification process of Viscon after 
six years of testing is unwarranted. 

Respectfully, 

Michael J. Porter 

Viscon California, LLC
 
3121 Standard Street, Bakersfield, CA 93308 Phone: 661.327.7061 Fax: 661.327.7743
 



t?JBASF Helping Make 
The Chemical Company Products Better™ 

April25,2008 

Re: OppanoltllB Grades are in compliance with FDA Regulations 

Dear Valued Oppanoltll Customer: 

We herewith confirm that all Oppanol$B grades fulfill the following FDA paragraphs: 

21 CFR 172.615 "Chewing Gum Bc:lse" 
21 CFR 175.105 "Adhesives" 
21 CFR 175.125 "Pressure..$ensitiVe Adhesives· 
21 CFR 175.300 "Resinous and PolyrnericCoatings" 
21 CFR 175.380 "Xylene-foraldehy~e Resins con~ensed With· 4,4-isopropylidene dephe 

nolepjchlorohydrin EpqlW Resins" ..... 
21 CFR 175.390 "Zinc-silicon dioxide Matrix Coatings" 
21 CFR 176.170 "Components of Paper and Paperboard in Contact with Aqueous and Fatty 

Foods" 
21 CFR 176.180 "Components of Paper and Paperboard in Contact with Dry Food" 
21 CFR 177.1210 "Closures with Sealing Gaskets tor FoodContainers" 
21 CFR 178.2600 "Rubber Articles Intended for Repeated Use" 
21 CFR 178.3570 "Lubricants with InCidental FoOd Contact" 
21 CFR 178;3910 "Surface Lubricants used in the Manufacture of Metallic Articles" 

Yours truly, 

Performance Chemicals Automotive and Refinery Chemicals 
Global Marketing a (j Product Development 

/ " 

Dr.Helm~ch 
Technical Marketing Manager 
BASFSE 

BASF CorporatIOn, 100 Campu& Drive, Florham PAIl<, N.J. 07932 
Cust~ care (800) 794-1019 
www.basfcom/pib derjyaliyea 


